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FOREWORD

This contract was funded under Task 02, Project 1M643324D587, 64133241,
and was transferred as of 1 July 1965 to Project 1M624101D552, 62141011, Task
02 - Design of Flexible Packaging Systems. The work on the project was con-
ducted under the overall program to provide operational rations which satisfy
the changing tactical and logistical requirements of the military. It is
basic to the development of a family of lightweight, nonrigid packages for
processed foods,

In the development of a nonrigid package for processed foods, considera-
tion must be given to the selection ofa processing media. Factors affecting
the integrity of the package require a critical evaluation. Conventional
methods of processing foods in rigid containers utilize heat from pure steam
or water as the sterilizing medium. In the past, steam-air mixtures have been
dubiously used. Because of the advantages steam-air offers in processing non-
rigid packages, it was deemed worthy of further study. The information con-
tained herein is the result of that effort.

This project was carried out in the Department of Food Science, College
of Agriculture, Michigan State University. Dr. I. J. Pflug served as the
Official Investigator and Mr. C, Borrero, Project Engineer, The cooperation
of Wyeth Laboratories, Mason, Michigan; the Cranberry Products Company, Eagle
River, Wisconsin; and all those persons in these companies and at Michigan
State University who contributed to the project effort is gratefully acknowledged.

Project Officer for the U; S. Army Natick Laboratories was Mr, Joseph W.
Szczeblowski and the Alternate Project Officer was Mr. Gerald L. Schulz, both
of the Packaging Division, General Equipment and Packaging Laboratory.

EDWARD A. NEBESKY, Ph.D.
Acting Director
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APPROVED:

DALE H, SIELING, Ph.D.
Scientific Director
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ABSTRACT

The objective of this study was to evaluate and compare steam, steam-
air and water heating media for processing flexible packages and to develop
suitable procedures for using these heating media in commercial processing
equipment. A multipoint temperature recording device which measured the
temperature of the heating medium and in the container at various locations
was used to evaluate temperature gradients and heating rates for the ver-
tical and horizontal retort and for the steam-air pasteurizer. The temper-
ature distribution patbtern and the rate of heating of water in 303x406 cans
were determined for 100% steam, 90% steam-10% air and 75% steam-25% air
mixtures, and water in a commercial vertical and horizontal retort and for
a steam-air mixture in an atmospheric pasteurizer. Steam-air and water
were evaluated at air flow rates in the range of 10-30 c¢fm. Steam and
steam-air were evaluated using natural and mechanical circulation., The
performance of the 3 heating media were studied in the vertical retort
using both a cross and a circular spreader system. Sstisfactory control
procedures for processing flexible packages in the 3 heating media were
developed for both horizontal and vertical commercial retorts. The hori-
zontal retort was found to be a more effective configuration for processing
using steam-air mixtures. ’
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Summary and Conclusions

The behavior of 100% steam, 90% steam=-10% air, 75% steam=-25% air, and water in
commerc lal, vertical and horizontal retorts using severai air flow rates was studied
by determining the temperature distribution pattern throughout the retort and heating
rate of containers located at several points In the retort. In addition, steam-air
mixtures were studied in a commercial pasteurizer. The results of these studies led
to the following conclusions:

1. All three heating media will produce predictable reproducible results. Since.
the heat process is based on the heating characteristics of the food product
in the retort under actual processing conditions, the heat process will vary
with the physical system and the heating medlum used.

2. There is a heating medium flow pattern in the retort that has a major effect on
retort operation. The type of spreader and air fiow rate affect the the heating
medium gas flow rate, the relative rate of heating of the fastest and slowest
heating container, and the location of the fastest and slowest heating container.

3. The retort loading pattern must permit flow of the heating medium in the vertical
direction. This Is important in fiexibie package processing where racks must
be used; a slotted rack must be used that will not only permit but encourage
flow of the heating medium in the vertical direction. This requirement is most
critical for water but applies to both 100% steam and steam-alr mixtures.

4. Temperature controls for all three heating media should be of the proportional
mode to maintain the designed process temperature with minimum fluctuation.
For steam-air, the control system must include a proportional pressure con-
trol system to operate the dump valve,Steam-air and water processes require
an air metering device. )

5. One hundred per cent steam is the simplest and most effective heating medium
to use; water is next in simplicity with steam-air being the most complex.
Undoubtedly, the commercial operator can do more things wrong using 100%
steam and not get into trouble than with water or steam-air, and he probably
can do more things wrong using water and not get into trouble than with steam-
air. Under ideal conditlons, however, all perform satisfactorily.

6. In water cooks, an air flow rate of 15 cfm through the steam spreader should
be used. Air flows at the 15 cfm rate should be used not only during the come-
up-time but also during the cook period. Provision must be made to allow
water to circulate in a predetermined vertical flow pattern; solid horizontal
plates that form impediments to vertical flow will create cold pockets. The
suggested water flow pattern is up the oufside of the baskets and down through
the stack of product which can be effected by using a circular or fish-tail
spreader. '

7. In steamair mixtures T> 212°F the air should be added when the retort reaches
process temperature. The air concentration In steam-air mixtures should be
the minimum that will provide adequate container protection. For most food
products the air concentration need not exceed 10%, with an air flow rate of
20 cfm.

xiii
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The distance from the steam and air inlet to the top of the stack of cans is
important in obtaining rapid uniform temperature in steam-air mixtures. The
fastest equllibration was found in the steamalr pasteurizer, where this
distance is a minimum; the horizontai retort had a relatively short height,
therefore, uniform temperatures were established rapidly; the multi-crate
vertical retort, which had the greatest container stack height required the
longest time to reach equilibrium temperature.

The load of product to be processed In the retort and the heating character-
istics of the product affect the performance of the retort.

The continuous steam-air pasteurizer is an effective device for processing high
acid foods.

Steam-air mixtures and water processes may be used effectively for processing
flexible packages in systems where there is positive flow of the heating
medium. When processing flexible packages, temperature gradients will be
smaller due to the smaller heat load and improved heating medium flow provided
by the vertical slots in the pouch racks.,

The procedures and equipment modifications stated in the body of this report
may be used effectively to process flexible packages.

The small thickness of flexible packages, about 0.75 in., compared to that of
a can provides for faster heating rates for the pouches thus higher quality
food products may be obtained.



2. Introductlon _
2A, (ObJectives ,

In this project a vertical retort, & horlzontal retort, and a cont Inuous atmospherlc
pasteurlzer were studled to determine the effect of heating medlum on several pro-
cessing parameters; the speciflc objectives of the project were:

To determine the temperature distributlon pattern In a commercial, vertical
and horizontal retort and in a contlnuous, atmospherlc pressure, steam-air
pasteurizer.

To determine the probable effect of temperature variations in the processing
equipment on the lethality received by the product in the container.

Make an engineering analysis of the system.

Relate the results using the commercial equipment with the results obtained
in the laboratory study in Phase |{.

Interpret the results [n terms of processing foods in flexible packages.

Make recommendations regarding the use of equipment and heating media for
processing food In flexible packages.



28. Review of Literature

The industrial revolution, the forerunner of our present science revolutlon, brought
with it, most of our noteworthy industrial advances including canning. These indus-
trial advances were invented and developed by practical people who were primarily
interested in how to accomplish an objective rather than why the objective could be
accomplished. <Canning was invented and developed by practitioners; the canning
industry as we know it today, evolved from the canning art. In some areas, the canning
industry has developed into a complicated science; for example, the manufacture of
metal and glass containers and closure systems. However, in the area of still-
retort container processing, the design and operational procedures have changed very
little in the last 50 years since the performance of the system was considered satis-
factory.

A search of the literature dealing with the retort processing of food resulted in a
large quantity of material describing retort manipulation but only a few reports where
an actual attempt was made to evaluate the physical process. Excellent descriptions of
retort operations are given by: Ball and 0lson (1957), Bock (1965), NCA Bull. 26L
(1962), NCA 8ull. 30L (1963), owens Il1linois (1950}, and Townsend et al. (1956).

Research dealing with the heat transfer process has been reported by Parcell (1930a,b),
Hemler et al. (1952), Ball and Olson (1957), Pflug and Nicholas (1961), and Pflug

and Blaisdell (1961). A great deal of work was done on retorting systems in the
period between 1920 and 1930; Parcell's (1930a,b) study of several retorting systems

is one of the most significant.

The use of steam-air mixtures is rot new, Parcell (1930a) reported that it was possi-
ble to maintain a uniform temperature in a retort with steamair mixtures after the
retort had reached processing temperature. He observed that: the size of the load
had an effect on the rate of come up to temperature, the steam and air should be
mixed before being introduced into the retort, and circulation of the heating medium
was- important in producing uniform temperatures.

Cons iderable effort has been directed toward making the use of 100% steam foolproof.
Hemler et al. (1952) reported on studies concerned primarily with the evaluation of
air pockets in steam processes. They created an air pocket using a model system

and established that containers in an air pocket receive less lethality than con-
tainers in 100% steam. This mode! is not applicable to steam-air processing. Ball
and 0lson (1957) evaluated several theoretical conditions where the presence of air in
a retort could be encountered. Both Hemler et al. (1952) and Ball and Olson (1957)
agree that in 100% steam processing venting of the retort is critical; venting must
proceed in an effective manner in order to remove the air from the retort during the
come up phase of the process.

Steam<air mixtures have been widely used in atmospheric pasteurizers since about 1945.
Pflug and Nicholas (1961) studied the heating rates in glass containers as effected
by the heating medium and product, particularly the comparison of steam-air mixtures
with water bath, water spray, and 100% steam for model systems that heat by convec-
tion and conduction. They concluded that the efficiency of steamair mixtures varied
according to the percent of steam present. Pflug and Blaisdell (1961) studied the
effect of the velocity of steam-air mixtures on the heating rate of glass containers
and concluded that f decreased with increasing heating medium velocity and with in-
creasing heating medium temperature over the range studied, 165 to 195°F. Pflug et
al. (1963) studied the sterilization of food in flexible packages. They noted that
the use of steam-air mixtures seemed to dispose of a number of disadvantages
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associated with water cooks. Pflug (1964) developed procedures for processing foods
in flexible packages in a laboratory retort and reported extensive heat penetration
data for 100% steam, steam-air mixtures and water processes for food in both flexible
packages and in 303x406 cans. This report covers Phase II of the latter work using
commercial retorts., The overall reliability, reproducibility and safety of steam-air -
processing was compared to water and 100% steam., The second phase involved primarily
verification of basic principles; therefore, cans rather than pouches were used for
convenience. The results are applicable to pouches.



3A. Design of Vertical Retort Experiments

The vertical retort experiments were-designed to meet the objectives outlined in
Section 2B. The variables that had to be considered in the design of the experi-
ments were: type of retort load, number of thermocouples in the retort, location of
thermocouples in the retort, to have or not to have thermocouples in cans, If the
decision was to have thermocouples in cans, how many; range of air flows in steam-
air and water tests, steam-air mixture composition, number of different steam-air
combinations to be tested and the values of those to be tested, number of basic
retort modifications to be carried out such as different types of spreaders and
circulation systems, number of tests to be run in each series, and the method of
treating and reporting the data.

Obviousiy, the number of variables is sufficient that this project could have been
continued for several decades. However, since it was a one-year project, it was
necessary for us to decide specifically what were the important questions to be
answered and then decide which tests would most likely provide the answers to the
important questions.

Water in 303x406 metal cans was selected as the individual unit for the retort load
because it was anticipated that the major problem in retort operation would occur
during the period when the retort would be coming up to temperature and cans of
water would provide the greatest heat sink during the initial portions of the cook.
Following along with this reasoning, the retort was loaded to its maximum capacity
to again provide maximum load.

The more temperatures that are measured in the retort, the more knowledge will be
gained regarding behavior of the retort system. However, as the number of temper-
ature measuring points increased, the requirements in the way of temperature
measuring equipment and time for preparing, installing and checking temperature

measuring equipment increased. 1t was decided that temperatures would be measured
in four planes and at the center and periphery of each basket in each plane making
a minimum total of eight points. In some tests the number of points was expanded

to 12 where temperatures were measured at the center of the basket and then at

two points on the periphery, one on the side of the dump valve outlet of the
retort, and the other 180° away from the outlet.

The end result of our tests should provide information on the behavior of contain-
ers in the retort. It was concluded that the final effekt could not be determined
by simply measuring temperatures in the retort but that it was necessary to
measure temperatures in cans in the retort. Since retort temperature and can
temperature are, in the end, to be related, temperatures in the cans of water
were measured at the locations where temperatures in the retort were measured.

The range of air flows used in the steam~air and water cooks was primarily based
on judgment of practical levels that could be used. It was generally concluded
that 30 cfm was about the maximum air flow from a practical standpoint; therefore
this was the top range. On the low side, preliminary experiments, in general,
indicated that flow rates of less than 10 cfm were of little value. Therefore,
the. general flow rates of 10, 20 and 30 c¢fm were used in the final experiments.

Two steam-air mixtures were selected for evaluation. A 90% steam~10% air mixture
would represent the ideal steam-air processing level. However, it was felt that

in some cases these results might be very close to the results of the 100% steam
and therefore a lower steam-air ratio, 75% steam-25% air was evaluated to obtain

an indication of what would happen at steam-air mixtures with lower steam fractions.
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The number of basic retort modifications was limited to those that could bd made in
a practical preliminary testlng period. Once a realistic and practical system of
retort hook up was developed, this was used through the remainder of the experiment.
Two different types of steam spreaders were useda cross spreader and a new circular~
type spreader. These two systems were used because of thelr considerably different
general operatlon. A pump was used to clrculate steamair mixtures to determine

if this was a feasible method to improve temperature distribution.

Prelimlnary tests were made in all cases. Usually the preliminary tests were made
with thermocouples in the retort only (no thermocouples in cans). When the system
had been fully checked out and sufficient preliminary data gathered, then final
tests were conducted with thermocouples in the retort and in cans. Test runs were
repeated until runs under commercial operation were obtained.

The method of treating the data was adjusted to fit the particular data. The fact
that some of the semi-logarithmic heating plots were straight lines, some of them
broke one time, some of them exhibited two breaks, and some were actually curves
that became straight lines only in the last portion of heating, obviously dictated
that presenting the results as f and j values would not make possible meaningful
comparisons. |t was decided that graphical presentation of the heat distribution
data would be the most desirable method of presenting the data since this would
allow the reader to actually see what happened at the different points as a
function of time during the process. |In thermal process calculation, the time
required for the container to reach a high lethality value, a temperature near

the heating medium temperature, is Important. Therefore the time required for

the éontainers at different points to .reach different: levels below. heating medium
temperature was tabulated so the reader can tell at a glance the general effici~
ency of the several different heating processes.



3B. Experimental

Equipment

The retort used in these studies was a three-crate, 3.5 ft. diameter x 7 ft. high,
pressure retort fabricated in 1963 for use in high pressure canned food processing.
The system was designed to be used with 110 psig steam pressure and 65 psig water
pressure. The steam lines were nominal 1-1/2" steel pipe; the water lines were
nominal 1-1/4% copper pipe and all drain lines were 2!" steel pipe. The retort

was controlled by a Foxboro Model 40 dual temperature and pressure recording con-
troller. The temperature controller was actuated by a filled thermal type
temperature sensing system. A cycle timer was used to time the cook and program
the cooling cycle. A rotameter was located in the agitation air supply line.

The initial retort piping system is shown diagramatically in Figure 3BI-t.

The retort control system was modified to improve the operation of the retort
system. The modifications were as follows:

(1) A 3/41 proportional type air control valve was installed in the retort steam
feed line in parallel with the existing 1-1/21 air control valve.

(2) A proportional type air controller using a thermocouple sensing element vias
installed to operate the 3/4'' proportional control valve.

(3) An air flow meter with a hand valve for manual control of the air flow rate
wias installed in the air feed line (Brooks Rotameter Model No. 1100, range
5-100 cfm).

(4) A proportional type air controller with reset was installed to operate the
dump valve. These modifications are shown diagramatically in Figure 3B1-2.

The 3/4't control valve in the steam circuit actuated by a proportional controller
with a thermocouple sensing element was designed to limit the quantity of steam
introduced into the retort and to remain in a throttled position during operation,
thus eliminating the cycling of temperatures inside the retort during the process
time. The need for a large quantity of steam at the start of heating necessitated
using the 1-1/2"" steam valve during the come up portion of the process, however,
at the end of the come up cycle the 1-1/21" valve was closed with the processing
temperature maintained by the proportional controller using the 3/4' proportional
valve. This procedure proved satisfactory for attaining a temperature equili~
brium in the retort. The use of a larger rotameter in the system, 5-100 cfm,
made possible the use of steam-alr mixtures with 20 and 30 cfm of air flow. The
air passed directly from the rotameter to the retort. The air flow rate for each
test condition was set manually with the hand valve. ‘

The proportional pressure controller installed to throttle the dump valve con-
trolling the pressure in the retort was installed because the studies of Phase |
indicated that a continuous flow system was necessary for satisfactory operation
using steam~air cooks if a uniform temperature was to be achieved throughout

the retort. The modulation of the dump valve maintained the system under con-
tinuous flow conditions and eliminated pressure and corresponding temperature
fluctuations, which in an on-off control system are due to the opening of the

dump valve to release pressure with subsequent steam injection to maintain tempera-
ture.

The temperatures for the circular spreader tests and for the cross spreader tests,
with and without recirculation,were measured using copper constantan thermo-
couples and a multi-channel one-minute cycle temperature recording potentiometer
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system. The thermocouples were placed in four planes, two thermocouplies per posi-
tion In the cross spreader tests, three thermocouples per position in the clrcular
spreader tests: a plaln thermocouple was attached to the side of a can to measure
heating medla temperature, and a rod type thermocouple was placed in a can adjacent
to the can wlth the plain thermocouple to measure the heating rate of a container
filled with water. The thermocouple at the end of the rod was placed in the cold
zone of the can to measure the temperature at the slowest heating point in the con-
tainer. The construction and installation of the rod type thermocouples was des-
cribed In the report of Phase | of this project. The distribution of thermocouples
In the retort for the cross spreader tests Is shown in Figure 381-3; one of the pair
of thermocouples was placed in the middle of the basket and the other at the
periphery of the retort basket for each of the four planes. Points | and 2 in the
second plane were in the top layer of cans In the bottom basket; points 5 and 6 in
the third plane were In ﬁg%etop layer of cans in the second basket; and points 7
and 8 In the fourth plane,in the top layer of the third or top basket. A thermo-
couple, point 9, was placed near the sensing element of the retort temperature
controiler.

The distribution of thermocouples throughout the retort for circular spreader
tests is shown In Figure 3Bi~4. Points 1, 2 and 3 in the first plane were in the
first layer of cans in the bottom basket; points 4, 5 and 6 in the second plane
were in the top layer of cans In the bottom basket; points 7, 8 and 9 in the
.third plane were in the top layer of cans In the second basket; and points 10,

11 and 12 in the fourth plane were In the top layer of cans In the third or top
basket.

The gas pump used for heating medium recirculation was a Roots-Connersville 47XA
rotary positive gas pump. The gas flow deslred was controlled by varying the
speed of the pump, the manufacturer provided charts relating gas flow, pump

speed and pressure. The pump connected to the dump. line at the top of the retort,
the outlet of the pump was connected to the spreader plpe thus re-introducing the
heating media into the retort through the spreader. This method of introducing
the heating medlum was designed to increase the mixing of the heating medium in
the retort and to take advantage of the spreader as a means of distributing the
heating medium. The retort operator controiled the pump by means of a magnetic
on-off switch, the pump was started after making sure that there was no water
entrained in the pump which would cause damage to the pump.

For all tests in the vertical retort, the-retort load was 1400 303x406 cans’of
water, a convection heating product, creating the maximum load conditions in the
retort.
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FExperimental Procedure

The initial phase of the testing procedure was the assembling and testing of the
control equipment, followed by careful loading of the retort. Retort baskets were
hand stacked with the cans of water including the cans with thermocouples which
were placed at the several selected locations, The filled retort baskets were
placed into the retort; when all baskets were in place thermocouple leads were
formed into a cable and brought out of the retort through the special stuffing box
and comnected to the potentiometer cable, The filled retort contained about 1,400
303x406 cans of water,

The measurement of temperature in the retort was made with a multi-channel
potentiometer system with an accuracy of 10.2°F or 10,1°C. A stop watch was used
to time the process. The process time usually was 25 min.; however, longer times
were used with the slower heating processes so there was ample opportunity for

the retort te equilibrate,

The initial temperaturs of the retort and contents was 80 i 10°F; it was found
in the preliminary tests that there were no appreciable dlfferences in the come-up-
time between the same retort load in this range of temperatures,

In steam-air tests, the addition of the air into the retort was studied in pre-
liminary tests and it was found that introducing the air at the beginning of the
process {steam on), or at 220°F, for a slow come up of the retort, increased the
time necessary for the retort to reach equilibrium, when compared to tests where
the air was introduced as soon as the first point in the retort reached process-
ing temperature. The procedure used for all steam-air mixture tests was to
introduce the air into the retort as soon as the first point in the retort reached
processing temperature,

The cooling process was the same for all of the heating mediaj the retort was
cooled until the containers reached 80+10°F. The fully loaded vertical retort
described above was used to make replicate tests for the several air flow con-
ditions for each of the three heating media. This experimental procedure was used
" for both spreader systems, with and without recirculation.

Retort operational procedure.

Procedure for 100% steam cooks.

1. Both of the temperature controllers were set for 240°F, the proportional
type pressure controller was set for 13 psig to provide an overriding pressure
on the containers during the cooling phase of the process and minimize
pressure differentials across the can walls.

2. The retort was drained and the drain closed; the retort air supply line was
closed and the retort then closed, The vent by-pass was opened.

3. The retort cycle was started by opening the 1-1/2" steam valve. The vent by~
pass valve was maintained fully open for 4 min. or until the retort reached
220°F, whichever came last. Steam was then introduced through the 1-1/2t
valve until the retort reached 240°F.

L. When the retort reached 240°F the cook cycle began; at this time the 3/4"
steam valve was opened and the 1-1/2" steam valve closed during the remainder
of the heating cycle. The temperature was controlled by the proportional
type temperature controller with a thermocouple sensing element.
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5. A few minutes before the end of the cook period the air was turned on to
bring the pressure in the retort to 13 psig.

6. The cool cycle began by closing the steam valve, and opening the water valve
to let water into the bottom of the retort.

The cooling operation, which was the same for all processes, consisted of intro-
ducing water into the bottom of the retort through a pipe opening and having the
pressure controller maintain the pressure in the retort. As soon as the water
level reached the level of the dump line, the water flowed continuously out of
the retort. Throughout the whole cooling cycle, air was introduced through the
steam spreader.

Procedure for steam-air mixtures.

1. Both temperature controllers were set for 240°F, the proportional pressure
controller was set for 13 psig for 90% steam-10% air and 18 psig for 75%
steam=25% air. The system was valved to introduce the air through the steam
spreader. The air flow rate was controlled by a hand valve in the air supply
line to the rotameter.

2. The retort was drained, the drain valve closed, the retort then closed. The
vent by-pass valve was opened.

3. The retort cycle was started, the vent by-pass remained open for 4 min. or
until! the retort reached 220°F, whichever came last. The air valve was
opened with the air introduced through the spreader and the rotameter set at
10, 20 or 30 cfm at the time the vent by-pass was closed.

4. When the retort reached 240°F, the cook cycle began, the 3/4!' steam valve
was opened and the 1-1/2' steam valve closed. The temperature in the retort
during the heating cycle was controlled by the proportional controller with
thermocouple sensing element.

5. The cooling cycle began by closing the steam valve and opening the water
valve which introduced water through the bottom of the retort. Cooling
proceeded as explained above.

Procedure for a water cook. .
1. The retort was filled with water up to the water level mark; the retort was
then closed.

2, Both temperature controllers were set for 240°F, the proportional pressure
controller was set for 23 psig. The system was valved so that air was intro-
duced through the steam spreader. The pressure controller maintained pressure
by modulating the dump valve.

3. The retort cycle was started, the air valve was opened to introduce 10, 20 or
30 cfm of air, the 1-1/2"" steam valve was opened.

4. When the retort reached 240°F, the cook cycle began; the 3/4" steam valve
was opened and the 1-1/2!" steam valve closed. The temperature during the
remainder of the heating cycle was controlled by the proportional type
controller with thermocouple sensing element.

5. At the end of the cook cycle the steam valve was closed and cooling water
introduced through the pipe in the bottom of the retort. Cooling proceeded
as described above.
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Procedure for the tests using the gas pump to reclrculate steam and steam-alr
mixtures. The pump was operated at two speeds to give gas flow rates of 77 and
120 cfm. The procedure for operating the system with the pump was as follows:

1. The retort was brought up to temperature by the same procedure outlined above.
When the retort reached 240°F and the 1-1/2" steam valve was closed with
subsequent control by the 3/4!' steam valveand pump was vented to remove all
the water in the pump and turned b, hand to assure free movement.

2. The pump was then started, run for 30 seconds and then the air let into the
retort at the desired flow rate.

3. At the end of the cook cycle the pump was turned off 30 seconds before steam
off.

4. The cool cycle proceeded as described above for a regular steam or steamair
cook.

Analysis of Data

The data obtained from these tests were of two types. The temperature dlstri-
bution data obtained from the plain thermocouples, and the heating rate data
which were obtalned from the rod-type thermocouples located in the containers
of water.

The temperature dlstribution data were plotted,temperature vs. time,on arithmetic
coordinate paper and analyzed by making visual comparisons among tests. A graph
was prepared for each test and contained the plot of each point in that test
identified by number with respect to its.position in the retort; the points were
connected by a line giving an indication of the variation in temperature at each
point at all times during the test.

The charts are presented in the back of the respective section. 1In the preparation
of the report it was necessary to have several temperature distribution graphs

per page; from a comparison standpoint, .it was necessary, for example, that the
three air flow rates for 90% steam-10% air and three air flow rates for water

cook be on the same page; the order for presenting the results will be as follows:
100% steam; 90% steam-10% air, 10, 20, 30 cfm of air flow; 75% steam-25% alr 20,
30 c¢fm of air flow; and water, 10 20 30 cfm of air flow.

The heating rate data were plotted on 3-cycle semi-log paper by the method of
Ball and Olson (1957). The analysis of these data by using f and j values was
not meaningful because the theoretical solution for the straight line curve
assumes that the container is heated in a heating medium of uniform temperature.
The f and j type of analysis may be used when a heat penetratlon test is made in
a laboratory set—up where 10 or 12 cans are heated and where the heat load and
retort come-up-time is very small. [n our particular tests we have a retort
with a maximum load of cans, the come-up-time is quite large and there are
differences in the temperature come-up-tlme among points; therefore, the heating
rate curves for the containers have shapes other than a straight line.

The time required for the cans to reach AT=3.6 and AT = 1.8°F below heating
medium temperature is tabulated to indicate the relative rate of heating of cans
at different locations.
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Heat Distribution Studies in a Vertical Retort

Heat distribution tests with the cross spreader.

The data obtained from the commercial vertical retort temperature distribution
studies with the cross spreader were plotted temperature vs. time on a linear grid.
These data were evaluated by making subjective comparisons between steam, steam
with various concentrations of air, water, and comparisons of the effect of air

flow rate on the heating properties of steamair mixtures and water,

The results will be presented in the following order: 100% steam, 907% steam-10%
air, 75% steam-25% air, and water with the steam-air and water tests presented in
the order of increasing air flow.

100% steam. Tests made using 100% steam as the heating medium are shown in Fig.
3Cl-1. The temperature profilte during the come up of the retort was basically
linear during the time the vent by-pass was open. The vent by-pass was open for

4 min., at which time the retort reached the processing temperature, 240°F. When
the vent was closed, the temperature in the retort reached 243°F, however, the
temperature of all points in the retort reached 240+1°F 2 min. later (Table 3cl-1).
Point 1, in the bottom layer of cans, was at the highest temperature throughout

the retort come-up-to-temperature phase. The maximum temperature difference
between any two points in the retort during the come-up phase was 2°F.

Steam-air mixtures. Steam-air mixture tests were made with 90% steam-10% -air and
75% steam-25% air for 10, 20, 30 cfm of air flow.

90% steam-10% air. The temperature distribution data for a 90% steam-10% air
heating medium with 10 cfm of air flow are shown in-Fig. 3C1-4. The come up of
the retort was straight line; point 8 was first to reach processing temperature.
The addition of the air to the retort caused a severe drop in temperature through-
out the retort with the greatest temperature drop at point 6, 22°F and points 1 and
4, 18°F below processing temperature. The top plane in the retort, points 7 and 8
showed little or no drop in temperature during this period; point 9 at the sensing
element had a maximum drop of 2°F, but recovered during the equilibration phase.
The time for the slowest heating point to reach 240+2°F (Table 3Cl1-1) was 12 min.
from the time the first point reached 240°F. The retort continued to approach
equilibrium temperature until all points in the retort reached 24041°F 13 min.
after the first point reached processing temperature.

A representative test of 907 steam-10% air using 20 cfm of air is shown in Fig.
3C1-5 where the same general pattern described above for 10 cfm of air exists;
however, the higher air flow rates cause some marked differences. The lowest
temperatures during the equilibration rhase was observed at point 6, however,
point 4 suffered the greatest drop in temperature at the moment the air was
added, 19°F. #oints 3, 4 and 6 were slowest in reaching the equilibrium tempera-
ture; all points reached 240+2°F 10 min. after the first point reached 240°F,

Point 9, the temperature at the sensing element in the retert, remained
constant at the processing temperature throughout the test. The temperature of
points 7 and 8 in the fourth plane were +1°F from processing temperature during
the equil ibration phase. The retort reached 240+1°F 12 min., after the end of the
vent cycle (Table 3Cl-1),

Tests with 907 steam-10% air using 30 cfm of air flow are presented in Fig. 3C1-6.
This graph suggests that differences between 20 and 30 cfm air flow rates were
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small. The largest temperature drop, 13°F, was observed for point 6. Points 3, 4
and 6 were at the lowest temperatures during the process. All the points in the
retort reached 240+2°F 8 min. after the end of the vent cycle and reached 240+1°F
1 min. later (Table 3Cl-1).

75% steam-25% air. The heating mixtures of 757 steam-25% air concentration were

studied uslng 10, 20, and 30 cfm of air flow. In the preliminary tests 10 cfm of
air flow were found to be of doubtful use because of the long time required to
reach an equilibrium temperature. In addition, the 757 steam-25% air mixture with
10 cfm required 4 min. to achieve operating pressure, During this time it was not
possible to ascertain the composition of the mixture because of constantly changing
temperature and pressure conditions.

Representative temperature distribution data for 75% steam-25% air heating mixtures
using 20 cfm of air flow are shown in Fig. 3Cl-2. This chart indicated that the
initial come up phase of the heating process was similar to the come up phase of
the 90% steam-10% air tests; however, the introduction of air into the retort
caused a large temperature drop at several points in the retort, and a longer
time was required for temperature equilibrium. Points 1, 2, 4, 5, and 6 suffered
the greatest temperature drop; the lowest temperature drop was at point |, 29°F.
However, 21 min., after the first point reached 240°F the temperature difference
between the points in the first layer of cans in the retort and the rest of the
retort was 5°F (Table 3CI-1). Points 7 and 8 in the top of the retort were not
“greatly influenced by the introduction of air; point 9, the temperature at the
sensing element remained at processing temperature throughout the equilibration

phase. é

The graphical heat distribution data for 75% steam-25% air with an air flow rate
of 30 cfm is shown in Fig. 3€1-3. Increasing the air flow from 20 to 30 cfm of
air had the effect of decreasing the maximum temperature drop; the greater mixing
effect of the 30 cfm appeared generally to change the heating pattern throughout
the retort. An interesting result occurred in this test where the temperature
in the top of the retort dropped during equilibrium in contrast to the other
steam~air tests where the temperature did not drop. Point 6 was exposed to the
lowest temperatures throughout the test and at the end of the test was 4°F below
processing temperature, points 7 and 8 were initially 10~12°F below processing
temperature and reached 24042°F 12 min. after the first point reached 240°F
(Table 3cl-1). . .

Water. The temperature variation of the retort in a water cook was studied using
air flow rates of 10, 20 and 30 cfm. .

A representative heat distribution graph for water with 10 cfm of agitation air
flow is shown in Fig. 3C1-7. Tests using water cooks at 240°F with 10 cfm of

air flow showed a more gradual come up than tests using steam; this was expected
due to the greater 'heat capaclty of water. The retort reached 2404+1°F 7 min.
after the first point reached 240°F. Point 1, in the bottom of the retort climbed
5°F above the process temperature at the beginning of the process but all points
were at 240+1°F 17 min. after steam on (Table 3CI-1).

Water cook data for 20 cfm of air flow, Fig. 3C1-8, indicated that point 1 was
the first point to arrive at 240°F. The retort temperature, point 9, at the
sensing element in the bottom of the retort remained at 240+1°F during the
equilibration phase of the process. All the polnts in the retort reached 240+2°F
4 min. after the first point in the retort reached 240°F and reached 240+1°F 2
min. later (Table 3clI-1).
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Water cook tests using 30 cfm of air flow are shown in Fig. 3CI-9. Point 2 was the
first point to reach processing temperature; the retort was at 240+2°F 2 min.

after the first point reached process temperature and was at 240:1°F 2 min, later
(Table 3C1-1). There was some temperature cycling duiing the equilibration phase,
but this condition did not persist after 6 min.

Heat distribution tests with the circular spreader.

Tests were carried out using the circular spreader using steam, steam with various
concentrations of air, and water heating media. For each heating medium, studies
were made to establish the effect of air velocity on the heating properties. The
data will be reported as a representative temperature distribution graph for each
heating condition. Temperatures were measured at 12 positions in the retort; at
each position there was a rod type thermocouple and a plain thermocouple outside
an adjacent can. The study undertaken covered the evaluation of: 100% steam;

90% steam-10% air, with 10, 20, 30 cfm of air flow; 75% steam=25% air with 20 and
30 cfm of air flow; and water cook with 10, 20 and 30 cfm of air flow. The
evaluation of these media will be made in the above order.

100% steam. The temperature distribution results for tests using 100% steam at
240°F are shown in Fig. 3C1-10. The come-up-to-temperature of the retort was
linear during the 4 min. time period the vent was open; the retort reached 240°F
by the end of the vent period. Point 3 was first to reach 240°F. Points 10 and
12, in the top of the retort climbed 3°F above processing temperature but reached
an equilibrium temperature of 240+1°F 4 min. after the first point reached retort
temperature (Table 3C1-2). Point 5 in the middle of the second plane was slowest
to reach retort temperature but was within 1°F 8 min. after steam was turned on.
Initially there was some temperature cycling which was caused by the fast come up
of the retort. The use of the 3/4'" air operated valve to control the temgerature
during processing alleviated this condition.

Steam-air mixtures. Steam and air mixture studies were made using 90% steam-10%
air and 75% steam~25% air for air flows of 10, 20 and 30 cfm. The air was
introduced into the retort when the retort reached processing temperature. The
test data will be described in the order of the increasing air velocity.

90% steam-10% air. A representative heat distribution graph for 90% steam-10%
air for 10 cfm of air flow is shown in Fig. 3C1-13. The come up of the retort
was similar to that for the 100% steam cook, but differences occurred after,

4 min. when the vent was turned off and air ‘introduced into the retort. The _
addition of air caused a temperature drop in the retort. Points | and 3 on the
periphery of the first plane showed the greatest temperature drop, 5°F; points 1
and 6 recovered last. All points were within +1°F of process temperature 8 min.
after the first point reached 240°F (Table 3C1-2). There was a small drop in the
overall temperature of the retort at approximately 8 min. from steam on, which
was caused by cycling of the controller, but this condition was eliminated in
the next four min. and an equilibrium temperature was reached 12 min. after
steam on.

A representative graph of a 90% steam-10% air test using 20 cfm of air is
illustrated in Fig. 3Cl-14. The initial come up phase of the process was similar
to the 10 cfm test, however, the temperature drop was greater at 20 cfm air flow.
The maximum temperature drop for this condition was 9°F for point 5 and 8°F for
point 6. The retort reached 240+1°F 6 min. after the first point reached process
temperature (Table 3C1-2). There was some stratification of temperatures during
the process with points 1, 4 and 5, 1°F above process temperature,and the rest

of the points at process temperature.
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Temperature distribution results for 90% steam-10% air tests using 30 cfm of air
are showvn in Fig. 3C1-15., This graph indicates that there were only small differ-
ences between 20 c¢fim and 30 ¢fm air flow rates, The maximum temperature drop
occurred at point 12 which dropped 7°F from processing temperature when air was
added but recovered after 8 min, In a manner similar to the 20 cfm air flow tests,
points 1, 4 and 5 were at a higher temperature during part of the process; the
stratification of temperatures is greater at 30 cfm air flow than at 20 cfm. All
points were at 24042°F 8 min, from the time the first point reached 240°F

(Table 3C1-2).

75% steam-25% air, A representative temperature distribution chart of 75% steam—
25% air for a 20 cfm air flow is shown in Fig., 3C1-11. The come up for this test
was similar to that for the 90% steam-10% air; however, there was some peaking at
the beginning of the process caused by the main steam valve being open too long.
The addition of air into the retort caused point 5 to drop 8°F below control tem~
perature. The maximum temperature drop was observed at points 1 and 5; points 1, 5
and 12 remained below retort temperature for the longest time; point 1 reached
processing temperature 10 min, after air was introduced into the retort., . Point 3
at the opposite side of the bottom plane, however, recovered quite rapidly and was
at retort temperature after 3 min; this point was at the highest temperature in
the retort during the process., The retort reached an equilibrium temperature of
24012°F 15 min. after air was introduced and 240+1°F 1 min. later (Table 3C1-2).
Equlllbrlum temperatures were maintained at all points during the rest of the
process even though there was some temperature cycllng caused by the lag in heat-
ing of the steam-air mixture.

The temperature distribution data for 75% steam-25% air using 30 c¢fm of air flow
are portrayed in Fig, 3C1-12, The initial come up was the same as for 20 cfm;
however, the addition of air to the retort caused a large temperature drop at
points 4, 5 and 6 in the second plane of the retort. Points 1 and 3 remained at
processing temperature during the equilibiation phase of the process. The rest
of the points reached 240+1°F 15 min. after the air was added to the retort
(Table 3C1L-2).

Water, The water cooks were studied at 240°F for the three air flow rates; 10,
20 and 30 cfm,

Temperature distribution data for a water cook with 10 cfm of agitation air are
shovm in Fig, 3C1-16. Tests made using water cooks at 240°F with 10 cfm of air
flow showed a different type of a come up than that of the steam or steam-air
cook; the first point to reach 240°F was point 3 with a maximum temperature
dlfference between points of 6°F, The retort was at 240°F41°F 3 min, after the
first point reached process temperature (Table 3C1-2) and at 24010.5°F 4 min.
after the first point reached 240°F. There was some initial peaking of the
retort with points 6 and 8 highest at 4°F above processing temperature, but this
condition was alleviated after 1 min.

Temperature distribution data for a water cook with 20 cfm of agitated air are
illustrated in Fig, 3C1-17. The retort come up for this air flow condition indi-
cated that the temperature spread between points was not as great as that for a
10 cfm water cook; also the cycling of the retort was notas pronounced except

for points 7 and 8 which cycle 2°F above process temperature with all other points
at 24040,5°F, The time for all other points to reach R4010.5°F was 4 min.

(Table 3C1-2).
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Temperature distribution data for a water cook with 30 cfm of agitation air flow
are shown in Fig. 3C1~18. The temperature come up of the tests using 30 c¢fm of air
flow was slmilar to the 10 and 20 ¢fm flow conditions, however, the time for the
first point to reach 240°F was | min. shorter for 30 cfm than for the two other air
flow rates (Table 3C1-2). All points except 3 were at 240+1°F 3 min. after the
first point reached 240°F (Table 3Cl-2).

Heat distribution studies using the cross spreader with forced circulation of the
heat ing medium.

The study of steam-air mixtures as a heating medium for food containers has revealed
that a high rate of circulation of the heating medium is necessary to rapidly

obtain uniform temperatures throughout the retort. To achieve a high circulation
rate a gas blower was installed with the cross spreader in the vertical retort to
create high circulation rates by forced gas flow. Tests were performed with the
blower at two operating flow rates, 77 and 120 cfm. The results for the 77 cfm

flow rate will be presented first, fol lowed by the 120 cfm data.

100% steam. Temperature distribution data for 100% steam circulated at a rate of
77 cfm by the gas pump are graphically presented in Fig 3CI-19. These results
indicated all points in the retort were at 240+1°F 1 min. after the first point
reached 240°F (Table 3C1-3). All points remained at 240+1°F during the process.

The temperature distribution pattern for 1007 steam with 120 cfm externally
circulated flow are illustrated in Fig. 3C1-25. All points in the retort were at
240+1°F one min. after the first point in the retort reached 240°F (Table 3Cl-4);
the retort remained at this equilibrium temperature throughout the remainder of
the process.

90% steam-10% air. The temperature distribution pattern for 90% steam~10% air with
10 cfm of air flow recirculated at the rate of 77 cfm by the external pump is

shown in Fig. 3C1-22. The temperature in the retort dropped when air was added;
the largest temperature drop was 7°F, at point 6, in the third layer of cans in

the retort. All points in the retort were at 240+2°F 3 min. after the first point
reached 240°F (Table 3C1-3). The retort remained at 240+1°F throughout the
remainder of the process.

Temperature distribution data for tests using 90% steam-10% air with 10 cfm of air
and a recirculation rate of 120 cfm are shown in Fig. 3C1-28. The introduction-of
the air into the retort caused a temperature drop at point 6 of 8°F. All points

in the retort with the exception of point 8 which was at 235°fF for the first 8 min.
of the equnl|brat|on phase were at 240+2°F 2 min. after the first point reached
240°F. All points in the retort were at 240+2°F 10 min. after the first point
reached 240°F and at 240+1°F 3 min. later (Table 3C1-4).

The representative temperature distribution data for 90% steam=10% air at 240°F
with 20 ¢fm of air flow and 77 cfm of circulation by the external gas pump are
presented in Fig. 3C1-23. The addition of air to the retort in this case caused
a severe temperature drop, 22°F, at points 5 and 7 in the third and fourth planes.
Point 6 dropped 13°F, however, all points recovered quickly; a temperature of
240+2°F was reached by all pounts 4 min, after the first point reached retort
temperature and 240+1°F | min. later (Table 3C1~3) except for point 7 which was
3°F below retort temperature 20 min. after steam on.
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The graphical results of tests using 90% steam-10% air with 20 cfm of air flow and
a forced reclrculation rate of 120 cfm are presented in Fig. 3C1-29. The inlet of
the air caused a temperature drop of 10°F to occur at point 8 in the top layer of
cans. All polnts reached 240+2°F 13 min. after the first point reached 240°F and
240+1°F 2 min. later. The lowest temperature during equilibration.occurred at
points 4, 6 and 8 which were in the middle of the stack of cans at planes 2, 3 and
4.,

The graphical results of temperature distribution data for 907 steam-10% air with
30 cfm of air flow and 77 cfm of gas recirculation are shown In Fig. 3C1-24. Ppoint
9, the thermocouple at the sensing element in the retort, was first to reach 240°F.
The addition of air to the retort caused a temperature drop of 10°F at point 6, in
the third plane, and also affected points 1, 4 and 7. Point 9, the temperature at
the sensing element remained at retort temperature throughout the test. All points
in the retort were at 240+2°F 4 min. after the first point reached 240°F. Point 6
in the third plane fluctuated a maximum of 3°F after this time, but toward the end
of the equilibration period reached 240+1°F. All points in the retort reached
24041°F 11 min. after the first point reached processing temperature (Table 3Cl-3).

The temperature distributjon pattern for 907% steam~10% air with an air flow of

30 c¢fm and a gas pump circulation rate of 120 cfm are illustrated in Fig. 3CI1-30.

At 120 cfm equilibrium was reached more quickly for all points except 6 and 8 than
‘for 77 cfm. The temperature difference between the points was decreased; all points
except 6 and 8 were at 240+0.5°F 3 min. after the first point reached 240°F; an
additional 9 min., was required for points 6 and 8 to rise to processing tempera-
ture (Table 3C1-9). Fig. 3C1-30 also indicates that the points in the middle of
planes 3 and 4 were at lower temperatures than the rest of the points in the retort.

75% steam~25% air. The data for a representative test of 75% steam-25% air at
240°F with 20 cfm of air and with 77 c¢fm of forced recirculation by the gas pump
are shown on Fig. 3C1-20. The first point to reach 240°F was point 9, the temper-
ature at the sensing element, When the air was introduced into the retort 1 min.
later there was a drop in temperature at points 1, 2, 3, 4, and 6. The largest
temperature drop, 25°F, occurred at point 1, in the bottom plane of the retort.
The points 1, 2, 3 and 4 in the first and second planes of the retort were at a
lower temperature than the other points in the retort for 15 min. after the first
point reached 240°F (Table 3C1~3). The temperature at these points, however,
reached the processing temperature 16 min. after point 9 reached 240°F. Point 9,
the temperature at the sensing element of the retort, was at 240+2°F during the
equilibration phase of the process.

The temperature distribution data for 75% steam-25% air at 240°F with an air flow
of 20 c¢fm and a recirculation rate of 120 c¢fm are shown in Fig. 3Cl1-26. The
temperature proflle for this test showed that the temperature drop, upon the
addition of the air, for this heating medium, was largest at point 6, 5°F. During
the test, however, point 8 dropped to 233°F and point 7 dropped to 236"F. The time
for all points to reach 240+2°F was 16 min. after the first point reached 240°F

and one additional minute to reach 240+1°F (Table 3Cl-4).

The temperature distribution data for tests using 75% steam-257 air at 240°F with
30 cfm of air flow and a forced circulation rate of 77 cfm are illustrated in

Fig. 3€1-21. The come up of this process was similar to 75% steam-25% air test
using 20 cfm of air, however, the introduction of the air into the retort did not
cause as large a drop in temperature. The maximum temperature drop occurred at
point 6, 8°F, in the third plane. All points in the retort except 6 and 7 were at
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240+1.5°F within 4 min. after the first point reached 240°F. Points 6 and 7
remained 1.5°F below retort temperature during the early part of the test. The

final equilibrium condition was reached by all points 9 min. after the first
point reached 240°F.

In Fig. 3C1-27 is shown a representative plot of the temperature distribution data
for 75% steam-25% alr at 240°F with 30 cfm of air flow and 120 cfm of forced re-
circulation. |Increasing the air flow rate from 20 to 30 cfm with forced recircula-
tion of 120 cfm appears to cause larger fluctuations in temperature with the maxi-
mum temperature drop at point 8, 10°F. The temperatures at points 6 and 8 are
lower than the other points in the retort throughout the equilibration phase of

the process. The retort approached 240+2°F 18 min. after the first point reached
240°F.
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Table 3Cl1=1. Time for all points In the vertical retort with the cross spreader to
reach 240+5°, 240+2°, and 240+1°F.

Time after the first point Time from start
reached 240°F (min) of heating (min)
24045 °F 24042°F 240+1°F 24041 °F
100% steam 2 "6
90% steam-10% air
10 cfm 10 12 13 i7
20 cfm 3 10 12 16
30 cfm 4 8 9 13
240°F water cook
10 cfm 6 7 17
20 cfm 1 5 6 19
30 cfm 1 2 4 15
24045 °F
75% steam-25% air : _
20 cfm 20 24

30 c¢fm 18 22

Table 3C1-2. Time for all points in the vertical retort with the circular Spread.er
to reach 24045, 24042, and 240+1°F.

Time after the first point ‘Time from start
reached 240°F (min) "~ ) of heating (min)
24045 °F 2460+2°F 240+1°F 240+1°F
" 100% steam 1 5
90% steam-10% air
10 cfm 6 7
20 cfm 4 4 6
30 cfm 2 6 R
75% steam-25% air : '
20 cfm 8 11 12 16
30 cfm 10 15 15 19
240°F water cook .
10 cfm 2 3 13
20 c¢fm o 3 13
30 cfm 1 2 10

P T P ST N
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Table 3C1-3, Time for all points in the vertical retort with the cross spreader and
77 cfm of mechanical circulatlon to reach 24045, 24042, and 240+1°F.

Time after the first point
reached 240°F (min)

Time from start
of heating (min)

24045 °F 240+2°F 240+1°F
100% steam 1

90% steam-10% air
10 cfm 2
20 cfm
30 cfm

N~

75% steam-25% air
20 cfm 11 16
30 cfm 5 8

240+1°F
5
14

9
15

a

21
15

Table 3cl-4. Time for all points in the vertical retort with the cross spreader and
120 cfm of mechanical circulation to reach 24045, 240+2, and 24041°F.

Time after the first point
reached 240°F (min)

"Time from start

of heating (min)

24045 °F 240+2°F 240+1°F
'100% steam I

90% steam-10% air

10 cfm ] 10 13

20 cfm 7 13 15

30 cfm 7 12 14
75% steam~25% air

20 cfm 1 17

30 cfm 14 194

240+1°F
5
20

19
19

22
25+

AN points except point 7 reached this temperature in this time.



3c2-1

Heating Rates of Containers In a Vertical Retort

The in~container heating rate studies for the vertical retort were made at the same
time as temperature distribution tests. Temperatures were measured in eight 303x
406 cans of water using rod type thermocouples (Fig. 3B1-3). The temperature data
were plotted on 3-cycle semi~logarithmic paper by the method of Ball and Olson
(1957).

The usual and preferred method of analyzing the temperature-time data from con-
tainers of food is to plot the data and determine the f and j-values according to
the procedures described by Ball and Olson (1957) after which the f and j-values
for different tests can be compared. This procedure is usually used to evaluate
the effect of container size or product in the container. 1In this project we were
interested in determining the effect of temperature distribution in the retort by
measuring the temperature in the can. In an ideal system, the temperature data of -
either a single container or several containers would lend itself to the heat
penetration analysis of Ball and Olson's (1957), however, heating conditions in a
fully loaded retort were much different than those encountered in an ideal system.
In our situation the heating medium temperature was variable, the normally stralght
line heating graphs in many tests were curved; to compare the relative effective-
ness of the several positions in the retort, the time for the containers to reach
AT=3.6°F and AT=1.8°F was tabulated as a simplified and meaningful method for com-
parison of the relative effect of the heating medium.

The data in Tables 3¢2-1, 3C€2-2 and 3C2-3 make possible relative comparisons of
the effectiveness of location and heating medium.

Heating rates of containers using the cross spreader.

100% steam. The heating rates of containers in 100% steam were quite uniform.
There was a differemcaof 1 min. between the time required for the can in the
center vs. the can in the periphery to reach AT=3.6°F. Cans 5 and 6 and cans 7
and 8 in plane 4 were the fastest heating cans in the retort. The heating curves
for the containers were essentially straight until AT=3.6°F was reached; then
some of the heating curves broke. The range in times for the containers to reach
AT=3.6°F was 7.0 to 9.0 min. and AT=1.8°F 9.5 to 12.0 min. (Table 3C2-1).

90% steam-10% air. The results of the heating rate studies of cans of water in
90% steam-10% air with 10 cfm of air flow indicated that the coldest zone in the
retort was in the area of cans 4 and 6 in planes 2 and 3. In plane 1, can 2 at
the center was colder than can 1; however, the temperature difference here was
not as great as in planes 2 and 3. At the top of the retort in plane 4, cans 7
or 8 were at approximately the same temperature. In planes 2 and 3, 7 to 8 min.
difference in time were required for the center of the basket to reach AT=1.8°F
vs. the periphery of the basket. The heating curves for the cans in the center
of the baskets, specifically cans 4 and 6, tended to break when the air was added
to the system; however, the curves were essentially straight during the remainder
of the heating cycle although there was a trend for the curves to break a second
time in a AT of approximately 6°F. The times for the containers to reach AT=3.6°F
ranged 9.0 to 22.5 min. and to reach AT=1.8°F 11.0 to 24.5 min. (Table 3cC2-1).

Increasing the air flow rate from 10 to 20 ¢fm for a 907% steam-10% air mixture
tended to produce more uniform temperatures throughout the retort, at least until
a temperature AT=6°F was reached. The cans in plane ! heated rather uniformly.

'n plane 2 the can at the center required a slightly longer time to reach the

same temperature than the can at the periphery of the basket. Moreover, in planes

D R T I To R W e e . o et e ke
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3 and 4, the can at the center of the basket required a considerably longer time to
reach the same temperature than the can at the periphery of the basket. This
difference in time to reach the same temperature was due to the fact that the

curve of can 6 broke rather sharply at AT=6°F and the curve for can 8 broke at
about AT=3.6°F. In plane 3 there was approximately 12 min. difference in the time
required for the can at the center of the retort vs. the can at the periphery of
the retort to reach AT=1.8°F. In plane 4 the difference in time to reach AT=1.8°F
for can 7 vs. can 8 was 10 min. The times for the containers to reach AT=3.6°F
ranged from 9.0 to 17.0 min. and for AT=1.8°F 10.0 to 25 min. (Table 3C2-1).

Increasing the air flow from 20 to 30 cfm for the 90% steam-10% air mixture de-
creased the temperature differences in planes 1 and 2 until, in general, the temp-
eratures were uniform. The temperature of all eight cans in planes |, 2, 3 and 4
reached AT=3.6°F quite rapidly; the difference in time was 4 min. between can 1

and can 4. The time for all cans to reach AT=1.8°F was much longer since the
heating curve of can 6 broke at approximately AT=3.6°F; can 6 required approximately
20 min. to reach AT=1.8°F. The time for the containers to reach AT=3.6°F ranged
from 9.0 to 17.0 min. and to reach AT=1.8°F 10.0 to 22.0 min. (Table 3C2-1).

75% steam=25% air. The tests made using 75% steam-25% air with 20 cfm of air flow
were very different from the tests using 90% steam~10% air. The cans in planes 1,
2 and 3 had a very long come up time, although cans 5 and 6 in plane 3 heated
faster than either ofthecans in planes 1| or 2. The maximum heating time to AT=3.6°F
was 28 min. for cans | and 2. Tans 7 and 8 in plane 4 had the shortest come up
time. The times for the containers to reach AT=3.6°F ranged 11.0 to 28.0 min.

and to reach AT=1.8°F 13.0 to 39.0 min. (Table 3C2-1).

Increasing the air flow rate from 20 to 30 cfm in a 75% steam-25% air mixture
altered the heat distribution pattern. In the 30 cfm of air flow tests the hot
zone in the retort was at planes 1 and 2, whereas in the 20 cfm alr flow tests,
the hot zone was at plane 4. The time for the four cans in planes | and 2 to
arrive at AT=3.6°F was 9 min. Cans 5 and 6inplane 3 were consistently at the
lowest temperature. When all points in the retort except point 6 had reached
processing temperature, point 6 was 3°F below processing temperature. Point 6
was approximately 4 ft. from the point of steam inlet. The times for all con-
tainers except can 6 to reach AT=3.6°F ranged 6.5 to 24.5 min. and to reach
AT=1.8°F 8.5 to 28.0 min. ‘

Water. The heating rates of the containers of water when heated in water were
studied using 10, 20, and 30 cfm air flow rates. When an air flow rate of 10 cfm
was used with a 240°F water cook, the temperatures were, in general, uniform in
that can 1 reached AT=3.6°F in 16 min. and the slowest heating can was point 8
which reached AT=3.6°F in 19 min. The times to reach AT=1.8°F were 17 and 21 min.,
respectively, for the two points. In all cases, the containers at the periphery
of the crates reached both AT=3.6 and AT=1.8 in a shorter period of time than the
cans at the center of the crate. The time difference to reach AT=3.6°F varied
from 0.5 min. in plane 3 to 2.0 min. in plane | and to reach AT=1.8°F from 1 min.
in plane 2 to a maximum of 2.5 min. in plane 1. The time for the containers to
reach AT=3.6°F ranged 16.0 to 19.0 min. and to reach AT=1.8°F 17.0 to 21.0 min.
(Table 3C2-1).

Increasing the air flow rate from 10 to 20 cfm effectively reduced the time re-
quired for the containers to reach both AT=3.6°F and AT=1.8°F. The time for the
containers to reach AT=3.6°F ranged 14.0 to 15.5 min. and to reach AT = 1.8°F
14.5 to 18.0 min, (Table 3C€2-1).
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The temperature distribution pattern for 30 cfm was similar to that for 20 cfm
except that the time required for the temperature at all points to reach AT=

3.6°F and AT=1.8°F was reduced and the range of times also reduced. Increasing
the air flaw rate from 20 to 30 cfm reduced the maximum time for AT = 3.6°F
from 16 min. to 13 min. and the time to reach AT = 1.8°F from 18 min. to 14.5

min. for 20 and 30 cfm, respectively.

It was interesting to note that in the water cook processes studied, can 7 in the
periphery heated faster than can 8 in the center of the top basket. This faster
heating of can 7 was apparently caused by the increased flow through the annular
space and would be most noticeable in the top layer of cans because the water will
go up, turn the corner and then flow down; least flow could be in the center. The
time for fastest vs. slowest container to reach AT = 3.6°F ranged 12.0 to

13.0 min. and to reach AT=1.8°F 12.5 to 14.5 min. (Table 3C2-1).

Heating rates of containers using the circular spreader

¢
The study of the heating rates of containers in a vertical retort with the circular
spreader was made at the same time-as the temperature distribution studies. The
temperatures in 12 cans were measured using rod type thermocouples (Fig. 3B1-4).
The retort loading pattern and the operational procedure for these tests was the
same as that used for the cross spreader tests reported above.

1007 steam. A summary of the heat penetration data for the containers of water in
the vertlcal retort with the circular spreader using 100% steam as the heating
medium is presented in Table 3C2-2. The heating pattern as shown by the heating
rate data indicated that heating throughout the retort was quite uniform. The
difference in time for the slowest and fastest heating container to reach AT=
3.6°F and AT=1.8°F was | min. Can | on the periphery of the first plane was the
fastest heating thermocouple can in the retort taking 6.5 min. to reach AT=3.6°F
and 7.5 min. to reach AT=1.8°F. The remainder of the cans in the retort reached
AT=3.6°F and AT=1.8°F within 0.5 min. of each other. Fig. 3C2-1 js a semi-
logarithmic plot of the heating rates of containers 1, 2, 4, 5, 6, 7, 10 and 11
for this heating medium. The time for the fastest vs. slowest container to reach
AT=3.6°F was 6.5 to 7.5 min. and to reach AT=1.8°F 7.5 to 8.6 min., respectively.

907% steam-10% air. The results of the tests of cans of water in a 90% steam-10%
air heating mixture, with an air flow rate of 10, 20 and 30 c¢fm are shown in
Table 3C2-2. There was considerable uniformity in the heating with 90% steam-
10% air at 10 cfm air flow rate due to the fact that all curves were similar in-
shape in that they all broke. The center of plane 1 was the coldest zone in the
retort with the cans in plane 4 heating most rapidly. The times for the fastest
vs. slowest cans -to reach AT = 3.6 and 1.8°F were 4.5 vs. 15 min. and 5.0 vs.
17.5 min., respectively (Table 3C2-2).

The general heating pattern for a 907 steam-10% air heating mixture was iﬁproved
when the air flow was increased from 10 to 20 cfm. The major effect of the 20
cfm was to reduce the maximum times rather than reduce the minimum times. The
relative times to reach AT=3.6°F for .the fastest vs. slowest heating cans were
4.5 vs. 10.8 min. and to reach AT=1.8°F 7.0 vs. 13.5 min. (Table 3C2-2).

Cans 1, 2 and 3 in plane | heated faster than the cans in planes 2 and 3, but not
as fast as the cans in plane 4.

Heating characteristics for 20 cfm and 30 cfm of air flow for 90% steam-10% air
were quite similar.Thecoldest can in the 30 c¢fm air flow tests was the can in the
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top of the retort opposite the outlet to the dump valve. The overall flow pattern
for the 30 cfm test was similar to that for 10 and 20 cfm; however, the cans in
planes 1 and 2 heated faster. The heating curves for the cans in planes 3 and 4
broke resulting in a considerable difference between the time required for the
cans in planes | and 2, about 7.7 and 9.4 min., respectively, and the time re-
quired for the cans in planes 3 and 4 approximately 12.5 min. to reach AT=1.8°F.
Figure 3C2-2 is a semi~logarithmic plot of the heating rates of containers 1, 2,
4, 5, 7, 8, 10 and 11 for this heating mixture. The overall range for the

fastest and slowest can to reach AT=3.6°F was 6.5 vs. 9.5 min. and to reach
AT=1.8°F 7.3 vs. 14.0 min. (Table 3C2-2).

75% steam-25% air. The heating pattern for the cans in the several positions in
the retort for 75% steam-25% air with 20 cfm of air flow indicated that heating
was not uniform. €ans 5 and 6 in plane 2 heated quite stowly, requiring 20 min.

to reach AT=3.6°F, and 26 min. to reach AT=1.8°F. Plane 4 at the top of the retort
contained the fastest heating cans; can 10, near the outlet to the dump valve and
can 11 at the center of plane 4. However, can 12 at the periphery of the retort
opposite the outlet to the dump valve required 17 min. to reach AT=3.6°F and 25
min. to reach AT=1.8°F. The times for the fastest vs. slowest ccntainer to .reach
AT=3.6°F ranged from 5.0 to 20.0 min. and to reach AT=}.8°F from 6.0 to 26.0 min.
(Table 3€2-2).

Increasing the air flow rate from 20 to 30 cfm for the 75% steam-25% air heating
mixture changed the temperature distribution pattern in the retort substantially.
The cans 4, 5, 6, 7, 8 and 9 in planes 2 and 3 heated more slowly than the cans in
planes 1 or 4, with the exception of can 12 in plane 4. The heating rate of cans
1, 2 and 3 in plane 1 was much faster for the 30 cfm heating condition than for the
20 cfm tests. Nevertheless the fastest heating cans were located in the top plane
of the retort. Can 10, located near the outlet to the dump valve reached tempera-
ture in the shortest time. The time for can 10 to reach AT=l.8°F was 4 min.
compared to the 17.5 min. for can Il in the center of plane 4. The times for the
fastest vs. slowest heating containers to reach AT=3.6°F ranged from 4.0 to 19.0
min. (Table 3€2-2).

Water. The general heat flow pattern in the retort for the circular spreader
appeared to be consistent for the 10, 20 and 30 cfm tests. In plane No. 1
containers | and 3 at the periphery heated more rapidly than . container 2,

at the center. However, in planes 2, 3 and 4, the general trend was for the
containers at the periphery to heat more slowly or approximately equal to the con-
tainers at the center. ‘ ’

The tests carried out using a 240°F water cook with 10 ¢fm of air flow resulted in
can.10 at the periphery of plane 4 to heat fastest with cans 2 and 4 in planes |
and 2 with the longest heating times. The range of times required for the fastest
and slowest cans to reach AT=3.6°F was 9.5 vs. 14.0 min., a range of 4.5 min., and
to reach AT=1.8°F from 12.0 to 15.5 min., a range of 3.5 min. (Table 3¢2-2).

Increasing the air flow rate from 10 to 20 cfm for the 240°F water cook resul ted
in more rapid heating and a somewhat smaller difference in time required for the
fastest and slowest heating can to reach AT = 1.8 and 3.6°F. Can 10 in plane
4 heated fastest and can 2 in plane | was the slowest heating. The range of times
for the fastest vs. slowest heating container to reach AT=3.6°F was 10.0 vs. 12.5
min. ;and 10.3 vs. 13.5 min. to reach AT=1.8°F (Table 3¢2-2).
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Increasing the air flow rate to 30 c¢fm further reduced the time required for the
temperature to reach AT = 1.8 and 3.6°F. The increase in air flow to 30 cfm
produced a more uniform temperature as evidenced by the fact that the range in.
times to reach AT=3.6°F was from 10.0 to 11.5 min. and to reach AT=1.8°F was 11.0
to 12.5 min. (Table 3C2~2). In both cases the range was 1.5 min. which was smaller
than for either the 20 or 10 ¢fm flow rates. Increasing the air flow rate in the
retort for a water cook from 20 to 30 cfm, while it reduced the time difference
among cans, did not appreciably change the heating rate or the average time to
reach AT=1.8°F or AT=3.6°F. Figure 3€2-3 is a semi-logarithmic plot of the heat-
ing rates of containers 1, 2, 4, 5, 7, 8 and 10 and 11 for this heating medium.

Heating rates of containers using the cross spreader with recirculation by the
gas pump.

The procedure for the tests using the gas pump was similar to the procedure des-
cribed above for the tests with the cross spreader using natural circulation.
The gas pump was turned on after the vent was closed for tests using 100% steam
as the heating medium. |In steam-air tests, the pump was also turned on after
the vent was closed; however, in these tests, the air was added 30 seconds after
the pump had been turned on. The heating rate tests using cans of water were
made at the same time that the temperature distribution tests were made, in the
same manner described above for the tests using the cross spreader without re=-
‘circulation. The results will be described first for 77 c¢fm of recirculation
and then for 120 cfm of recirculation for each heating medium studied.

100% steam. The tests to evaluate the relative heating rate of containers -in
the several parts of the retort when heated in 100% steam using the gas pump to
recirculate the heating mixture at 77 cfm indicated that heating of the cans was
quite uniform for all cans except can 2. - Can 2, in the middle of plane 1,
reached AT = 3.6°F 10 min. after steam on, whereas the time for the remainder
of the containers to reach AT=3.6°F ranged from 7.5 to 8.0 min. In planes 2 and
3, the difference in the time required for cans 3 and 4 vs. cans 5 and 6 to reach
AT = 3.6°F was 0.5 min.; however, in plane 1, the difference in time required
for cans 1 and 2 to equal AT=3.6°F was 2.5 min. Cans 7 and 8 at the top of the
retort in plane &4 both required 8 min. to reach AT=3.6°F. The heating curves for
all containers broke at about AT=3.6°F; therefore the time required to reach
AT=3.6°F was comparatively shorter than the time required to reach AT=1.8°F.
The time for all containers to reach AT= 1.8°F ranged from 9.0 to 15.0 min. for
the fastest and slowest heating cans, respectively (Table 3¢2-3). '

The tests using 1007 steam and 120 cfm of recirculation showed approximately the
same heating pattern as the tests using 77 cfm of recirculation. However, at the
higher recirculation rate, the flow pattern as indicated by the relative time for
containers in different parts of the retort to reach AT = 3.6°F was not as
defined as for the 77 cfm tests. Can 2 in the center of plane 1 required 10.0
min. to reach AT = 3.6°F compared to 7.1 min. for can 1. In plane 3, cans 5
and 6 reached AT = 1.8°F at the same time; however, can 5 at the periphery of
the basket reached AT = 3.6°F in a shorter time than can 6 in the center. The
range of times for the cans to reach AT = 3,6°F was 7.0 to 10.0 min. and ‘
AT = 1.8°F from 8.5 to 16.0 min. respectively for the fastest and slowest heat-
ing cans (Table 3(2-4).

90% steam-10% air. The results of the heating rate tests of 303x406 cans of water
heated in 90% steam-10% air with an air flow rate of 10, 20 and 30 cfm for
recirculation rate of 77 and 120 cfm showed that as the air flow rate was increased
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the heating pattern changed rather dramatically.

The heating rate data from the 90/ steam-10% air tests using 10 cfm of air flow
and a recirculation rate of 77 cfm, indicated that the heating pattern for this
process was somewhat similar to the heating pattern for 100% steam. The slowest
heating cans were: Can | at the periphery of plane |; can 6 at the center of
plane 3; and can 8 at the center of plane 4 which did not reach AT=1.8°F during
the process; however, it reached AT=3.6°F after 8.0 min. The fastest heating
can in the retort was can 7 at the periphery of plane 4 adjacent to the outlet
of the retort or the inlet to the gas pump; can 7 reached AT=1.8°F after 6.0 min.
The range in time for the fastest vs. the slowest heating container to reach
AT=3.6°F was 5.5 vs. 9.0 min. (Table 3C2-3).

Increasing the rate of recirculation for the 90% steam-10% air heating medium
with 10 cfm of air flow from 77 to 120 cfm altered the heating pattern appre-
ciably., The fastest heating now occurred in planes |1 and 2 with cans 1, 2 and

3 requiring 8 min. and can 4 requiring 8.5 min. to reach AT=3.6°F. The slowest
heating cans in the retort were at planes 3 and 4, cans 5 and 6 requiring 13.0
min. and 12.0 min. respectively, and can 7 11.0 min. to reach AT=3.6°F, whereas
can 8 did not reach AT=3.6°F during the process. The heating curve for can 8

in the center of the top plane broke at AT=9°F and only reached AT=5°F at the
end of the process. The time for all of the cans except can 8 to reach AT=3.6°F
ranged from 8.0 to 13.0 min. and to reach AT=1.8°F 9.0 to 19.0 min. (Table 3C2-4).

The heating rate data from the tests using 90% steam-10% air with 20 cfm of air
flow at a recirculation rate of 77 cfm indicated that in planes 2 and 3 the
cans in the middle of the retort, cans 4 and 6, heated more slowly than the con-
tainers at the periphery of these planes. The cans in plane 2 heated more
uniformly than those in plane 3; the time difference to reach AT=3.6°F was

less in plane 2, 1 min., than in plane 3, 2.5 min. The fastest heating cans
were located in planes 1 and 2, cans 1, 2, 3 and 4. In plane 4, can 7 required
20 min. to reach  AT=3.6°F and never did reach AT=1.8°F. In this particular
case, can 8, at the center of the stack,was not evaluated due to thermocouple
failure. The time for cans 1 through 7 to reach AT=3.6°F ranged from 7.0 to
20.0 min. and the timefor cans 1| through 6 to reach AT=1.8°F,7.5 to 14.0
min. (Table 3C€2-3).

Increasing the rate of recirculation for 90% steam-10% air with 20 cfm of air
flow from 77 to 120 cfm caused the flow pattern to be more defined. The cohtain-
ers in the first two planes heated faster than these in the top two planes, with-
can 8 in the center of the top plane being the slowest heating can, and requiring
19.0 min. to reach AT=3.6°F and 24.0 min. to reach AT=1.8°F. Can 7 at the
periphery of plane 4 heated quite rapidly taking 11.5 min. to reach AT=3.6°F

and 16.0 min. to reach AT=1.8°F. The times for the fastest vs. slowest cans to
reach AT=3.6°F ranged from 8.0 to 19.0 min.,and to reach AT=1.8°F 9.0 to 24.0 min.
respectively, (Table 3C2-4).

The results of the tests of heating rate of containers of water in 907 steam-10%
air with 30 cfm of air flow and 77 cfm of recirculation indicated that the higher
rate of air flow, 30 cfm, did not improve the behavior of the heating medium.

The containers at the periphery of each plane heated faster than the containers
in the-center of the basket with the difference in the times required to reach
AT=3.6°F increasing as the distance from the steam spreader increased. (Cans 1,
2, 3 and 4 in planes | and 2 heated faster, 8.5 to 10.0 min. to reach AT=3.6°F
than cans 5, 6, 7 and 8 in planes 3 and 4, 10.0 to 19.5 mln. The times for
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the fastest vs. the slowest cans in the retort to reach AT=3.6°F ranged from 8.0
to 19,5 min. and to reach AT=1.8°F 10.0 to 22.5 min. (Table 3C2-3).

The tests using 907% steam-10% air with 30 cfm of air flow and 120 cfm of recir-
culation did not substantially change the overall heating pattern and for this
higher recirculation rate the flow pattern was not as well defined as for the

77 cfm tests. Can 1, the fastest heating can in the retort, was located at the
periphery of plane 1, which was similar to the 77 cfm tests. In both cases the
cans in the two bottom planes of the retort, planes |1 and 2, heated faster than
the cans in the top half of the retort, planes 3 and 4. The heating rate of cans
in the top of the retort indicated faster heating at the periphery than at the
center of the basket and there were differences of 1.5 and 9.0 min. between cans
in the center and the periphery of planes 3 and 4, respectively. Can 8 in the
center of piane 4 did not reach AT=1.8°F during the process. The times for the
fastest vs. slowest container in the retort to reach AT=3.6°F ranged from 9.0

to 21.0 min. and the time for cans | through 7 to reach AT=1.8°F ranged from 11.5
to 21.0 min. (Table 3C2-4).

75% steam-25% air. The results of the heating rate tests of 303x406 containers

of water in 75% steam=25% air with 20 and 30 cfm of air flow with a recirculation
rate of 77 and 120 c¢fm indicated that there was a marked difference in the heating
pattern of 20 cfm of air flow as compared to 30 cfm of air flow in much the same
way that differences existed between 20 and 30 cfm for the tests without recir-
culation.

The results of tests using 75% steam-25% air with 20 cfm air flow and 77 cfm of
recirculation indicated that the cans at the periphery of each plane heated
faster than the cans at the center of the plane. Comparison of the times
required to reach AT=3.6°F indicated that there were differences of 6 min.

in the heating rates of cans 1 and 2 and cans 3 and 4 in the periphery and
center of planes | and 2. This difference was much larger in plane 3, 10 min.
Can 8 at the center of plane 4 reached a temperature of 235°F., The time for
cans |1 through 7 to reach . AT=3.6°F ranged from 12.0 to 25.0 min. and to reach
- AT=1.8°F 16.0 to 32.0 min. (Table 3¢2-3).

The tests where the recirculation rate was 120 cfm for 75% steam=-25% air with
20 cfm and 120 cfm of recirculation showed that cans 1, 2, 3 and 4 in planes |
and 2 were the fastest heating cans in the retort with small differences in the
times to reach AT=3.6°F. Cans 5 and 6 in plane 3 also heated in a similar
manner; however, the curves broke and an additional 5 min. were required for
these cans to reach - AT=1.8°F than cans 1 and 2 in plane 1. The siowest heat~-
ing cans were located in plane 4, cans 7 and 8. Can 7 at the periphery of the
basket required 18.0 min. to reach AT=3.6°F and 27.0 min. to reach AT=1.8°F.
Can 8 reached a maximum temperature of 235°F during the process period. The
times for the fastest and slowest heating cans for cans 1 through 7 to reach
AT=3.6°F was from 9.0 to 18.0 min. and to reach AT=1.8°F from 9.0 to 27.0 min.
(Table 3C2-4).

The heat penetration data from the tests of 75% steam-25% air with 30 cfm of air
flow at 77 cfm of heating medium recirculation showed the fastest heating con-
tainers in the retort were cans 1 and 3 at the periphery of planes 1 and 2.
These cans required 8.0 and 9.0 min. respectively to reach AT=3.6°F. Can 2 at
the center of plane | required 14.5 min. to reach AT=3.6°F and 21.0 min. to
reach AT=1.8°F; the heating curve for can 2 broke when air was added to ihe
retort and also again when it reached AT=5°F. Cans 6 and 8 in the middle of
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planes 3 and 4 did not reach AT=3.6°F but at the end of the process reached
AT=5°F and AT=7°F respectively. The heating curves for cans 5 and 7 broke
twice--at air inlet and then again at AT=3.6°F. The times for cans |, 2, 3, 4,
5 and 7 to reach AT=3.6°F ranged from 8.0 to 14.5 min. and to reach AT=1.8°F
from 9.5 to 21.0 min. (Table 3C2-3).

The heating rate tests for 75% steam-25% air with 30 cfm of air flow using 120
cfm of heating medium recircutation showed that for this case as for the 20 cfm
tests with 120 c¢fm of recirculation, the cans in planes | and 2 heated faster
than the other cans in the retort. The heating curves for cans 1, 2, 3 and 4
were essentially straight lines; however, for cans 5 and 6 in plane 3, the heat-
ing curves showed several breaks with can 5 heating more siowly than can 6.
Can 7 in plane 4 at the periphery of the retort heated quite fast reaching
AT=3.6°F in 7.0 min.; however, at this point the curve broke and 18.0 min. were
required to reach AT=1.8°F. <Can 8 at the center of plane 4 reached a maximum
temperature of 234°F during the process. There was no order to the rate of
heating except to indicate better heating at the bottom two planes of the retort
indicating that the height of the stack is an important consideration in design-
ing steam-air processes. The time required for containers | through 7 to reach
AT=3.6°F ranged from 7.0 to 24.5 mins,viz,, the time for. the fastest and
slowest heating container,and to reach AT=1.8°F required from 9.0 to 30.0 min.
(Table 3C2-4).
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3D. Discussion of the Results of Vertical Retort Tests

Discussion of Results Obtained Using 1007 Steam and SteamAlr Mixtures

Effect of alr.

Heatlng conditlons were evaluated for three levels of air: 0, 10 and 25%. The zero
level of air is, of course 100% steam. The results of the temperature distribution
studies for 100% steam in the vertlcal retort using the three steam conditions indicated
that 100% steam required less time to reach an equilibrium processing temperature than
the other heating media and produced more nearly uniform temperatures throughout the
retort. The heatlng rate studles confirmed that this heating medium was the most uniform
and produced container f-values that were smaller and had greater uniformity than the
other heating media. This heating medium, 100% steam, is recommended for use whenever
possible.

in the 100% steam tests the retort was vented during the retort-come-up time period.

In the steam=air tests there were a number of optional operating procedures developed
for retort come up; three were evaluated. The operational procedure selected was to
bring the retort up to temperature using the same procedure as though 100% steam were

to be the heating medium. When the retort reached proceéssing temperature air was

added to give the desired steam-air mixture.

In preliminary tests three different procedures for introducing the air into the retort
were evaluated: 1) the air was started at the same time the steam was turned on; 2) air
flow was started when the retort reached 220°F; and 3) air flow was started when the
retort reached 240°F, the processing temperature. The first and second approaches were
least satisfactory because the addition of air to the steam decreased the heat capacity
of the heating mixture, and since the quantity of heat removed by the retort load re-
mained constant there was a drop in retort temperature. The third approach was followed.
In this method we still experience a temperature drop when air is added, The tempera-
ture drop is a function of the rate of heat removal.

An the ideal steam-air process for food in flexible packages we will heat with 1007
steam until the product reaches process temperature and then add the air. However,
this approach is not practical because the air pressure is needed to safeguard the
package. If the packages are at processing temperature before the air is added and
there is any noncondensable gas present, the internal pressure in. the package wili be
greater than the retort pressure and pouch seals will be stressed and probably will
fall. We beiieve that the procedure of adding the air when the retort reaches temper-
ature is safe for processing flexible packages; at this time there is a 20 to 25°F

AT between the temperature of the product in the package and the heating medium; °
therefore, the pressure in the pouch will be considerably below retort pressure.

:lf the performance of the retort is evaluated for the three air conditions 0, 10 and
25%, the results indicate that the addition of air to the steam heating system:
increases retort comé-up-time, decreases temperature uniformity, and Increases the
average f of containers of water in the retort.

When 0, 10 and 25% air are compared, there Is a temperature drop throughout the retort
when the air is added; the magnitude of this temperature drop was found to be largely

a function of the percent air In the steam-air mixture,but it was also a function of

the air flow rate. The temperature drop was larger for the 75% steam-25% air tests
than for the 90% stéam~107% air tests and the time for the heating mixture to equllibrate
was’ longest with the largest amount of air. The amount of mixing required by the 75%
steam-25% air was greater than for the 90% steam-10% air.
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The study of the heating rates of contalners in the laboratory retort In the Phase |
studies Indlcated that there was some effect attrlbutable to the percent air in the
heating mixture on the f-value. The f-values found for 303 x 406 contalners of
water heated at 240°F were

f (min)
1007 steam 2.28
90% steam-10% air 2.63
75% steam-25% air 3.03

These results show an increase in the f-value with an increase in the percent air in
the heatlng medium. in this study, where a maximum of 6 containers were processed in
a single test we know that the heating medlum was homogeneous and that uniform tem-
peratures existed throughout the retort, The effects of the concentration of air in
the heatlng medium on the heating rate of containers in the commercial retort were
difficult to evaluate because of the size of the system and its deviation from ideal
conditions. The evaluation of the relatlve merits of each system was made on the
basis of;  homogeneity of the heating medium, rapidity of come up and uniformity of
heating of the containers. The results suggest that: 90% steam-10% air is similar
to 100% steam, whereas 75% steam-25% air is a highly sensitive heating medium
susceptible to large temperature drops, it is relatively difficult to equilibrate and
produces measurably larger container f-values. The effect of the distribution system
and air flow velocity will be discussed below.

Effect of heating medium velocity.

Effect of air flow rate. The temperature distribution tests using a 90% steam-10%

air heatlIng mixture with 10," 20 and 30 cfm of air flow in the vertical retort with a
cross spreader indicated that an increase in the air flow rate: decreased the time
required for the polnts in the retort to arrive at the equilibrium processing temper-
ature; decreased the temperature drop when air was added to the retort, and in-
creased the uniformity of heating in the retort by decrkasing temperature differences
between points during the process. The results of the heating rate of container
tests showed: that as the air flow rates were increased there was greater uniformity
of heating among containers; that flow of the heating medium was through the annular
space between the retort basket and the retort wall, rather than through the stack of
cans,with faster heating %6 %he containers located at the periphery than those at

the center of the basket;, Rere appeared to be stratiflcation of the heatlng mixture
at planes 3 and 4 since heating was more predictable and more homogeneous in planes |
and 2; and that with the Increase in the air flow rate, the magnitude of the slope
of the container heating curve after the break (broken.heating curves),was decreased
as indicated by the decrease in the difference between the time to approach AT=3.6
and 1.8°F. The breaks In the curves for cans 6 and 8 for the 20 and 30 cfm tests
took place later than for 10 cfm of alr; however, there were large differences in the
time to reach AT=3.6 and 1.8°F which apparently were due to the poor flow conditions
at the center of the basket. Increasing the air flow rate decreased the time differ-
ences to reach AT=3.6°F between the containers at the perliphery and those in the
center of the basket; this decrease was probably due to an increase in mixing.

The study of 90% steam-10% air heating mixtures in the vertical retort with the
‘circular spreader for the three air flow rates showed that Increasing the air flow
rate from 10 to 20 cfm decreased the time to reach equilibrium temperature; however,
there was a difference of 1°F between points 1, 4 and 5, and the rest of the points
in the retort after equilibrium temperature was reached. The temperature drop at air
inlet was not as large for the 10 cfm air flow test as for the 20 cfm test.
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Increasing the alr flow rate from 20 to 30 cfm made little difference in the time to
approach equilibrium; however, in the 30 cfm case the retort equilibrated at 240+2°F.
The temperature dlstribution charts suggest that there was no definite advantage in
increasing the rate of air flow from 20 to 30 cfm and the increase in effectiveness
was hardly significant between 10 and 20 cfm. The heat penetration data for 90% steam-
10% air heating mixtures using the circular spreader indicated that the flow rate of
air had a marked effect in the heating pattern in the retort as follows: for the 10
cfm tests the slowest heating region was in planes | and 2 with the top plane having
the fastest heating cans. When the air flow rate was increased to 20 cfm the slowest
heating zone was located at planes 2 and 3 with faster heating at planes | and 4. The
30 cfm tests caused a further rise of the cold zone to the top two planes in the re-
tort, in this case planes | and 2 had the fastest heating containers. The increase

in the air flow velocity substantially reduced the maximum time and the range in heat-
ing times for the containers to reach AT=3.6 and 1.8°F. The heating rate data

suggest that increasing the air flow rate increases the uniformity of heating of the
containers; this effect was quite noticeable when the air fiow was increased from i0
to 20 cfm, but hardly noticeable when the air flow rate was increased from 20 to 30
cfm.

The study of the temperature distributicn of 75% steam-25% air heating mixtures with
20 and 30 c¢fm of air irn the vertical retort using the cross spreader indicated that
when the air was added large temperature differences were created between the differ-
ent points in the retort. These differences in temperature along with the siow
equilibration times of the points in the retort make 75% steam-25% air a poor process
compared to 90% steam-10% air or 100% steam. I[ncreasing the air flow rate from 20

to 30 cfm decreased the maximum temperature drop from 30°F to 27°F, however, it did
not substantially improve the uniformity of temperature or decrease the equilibration
time. In a similar fashion to the 90% steam~i10% air tests there was a marked shift
in the hot and cold zcnes with change in.air flow. At 20 c¢fm of air flow the cold
zone was in planes 1, 2 and 3 and at 30 cfm the ccld zone was in planes 3 and 4.

This particular phencmenon was also substantiated by the heating rates of the contain-
ers which indicated the same heating pattern.

The temperature distribution tests of 75% steam-25% air for the vertical retort with
the circular spreader using 20 and 30 cfm of air flow indicated marked differences
between these two air flow rates. The increase in air flow rate from 20 to 30 cfm
did not decrease the time to reach equilibrium temperature; it was found that the

30 cfm air flow rate test was not as uniform as the 20 cfm test since the 20 cfm

test had greater uniformity of temperatures and a smaller temperature drop ‘at air
inlet, 8°F, compared to 24°F for 30 cfm of air. The heating rate tests of containers
in 75% steam=-25% air heating mixtures indicated that an Increase in the air flow rate
did not appreciably change the heating rates of the containers. At the 30 cfm air
flow rate the containers in plane | heated faster than in the other 3 planes. The
range of times for the containers to reach AT=3.6 and 1.8°F was about the same for
both air flow conditicns. The container adjacent to the dump valve line inlet heated
faster for the two air flow rates in 75% steam-25% air than for 100% steam. This was
undoubtedly caused by the high rate of flow out the dump valve line under these con-
ditions. The heating rates of the containers show large time differences between the
containers to reach temgperature. The logarithmic plots of the curves indicated a
marked lag in the rate of heating caused by the introduction of the air into the
retort. These two factors suggest that even for the gircular spreader 75% steam-

25% air is not a satisfastory heating medium for the air flow rates studied in the
vertical retort. The data from the tests using 75% steam-25% air for 20 and 30 ¢fm
in the vertical retort with the cross spreader indicate that for the conditions in
our experliment this heating medium is too unpredictable to be of use in processing
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because of the wide range of heating conditions encountered throughout the retort and
the significant differences in heating rates of the containers.

in the preliminary studies it was observed that the presence of air in a stiii retort
may cause cold zones In the retort if the gas in the retort became stagnant. The
addition of air to the retort in an Intermittent fashion that occurred when a large
dump valve was operated by an on-off controller was found to aid in establishing these
stratified conditions. When the controi system was modified by modulating the dump
valve with a proportional type pressure controller and air was metered into the retort
continuously through a rotameter there was sufficient fiow to prevent stratification
and maintain a uniform temperature.

Increasing the rate of air flow to the retort in steam~air cooks changes the heat dis-
tribution pattern but dces not always improve heating conditions., With 90% steam-

10% air, a 20 cfm of air fiow produced best results with the circuiar spreader but

30 cfm of air flow produced best resuits when the cross spreader was used. There

was not a very iarge difference between the results in the circular spreader tests
using 20 and 30 cfm.

The rate of air flow seems to have a direct effect on the flow pattern in the retort
in that at high air fiow rates the flow to the retort increases steam flow and since
there must be continuous venting, improves circuiation. It appears that very high
air flow rates tend to direct flow from the steam and air Iniet to the vent cutlet
and may not improve circulation throughout the retort.

Relationship of height of stack and air flow. The tests of 90% steam-10% air with 10,
20 and 30 cfm of air flow using the cross spreader indicated that as the air flow
rate was increased, the cold zone in the retort tended to migrate upward; at 10 cfm
the containers in planes 1, 2 and 3 heated much slower than containers in plane 4.
When the air fiow rate was increased from 10 to 20 cfm, the cans in plane | heated
fastest, when the air flow rate was increased from 20 to 30 cfm the containers in
planes 1 and 2 heated fastest and with relatively uniform heating. This effect was
much more evident for the 75% steam-25% air tests where in the 20 cfm tests the
siowest heating containers were in planes 1 and 2, but when the air flow rate was
increased from 20 to 30 cfm the cold zone shifted and the containers in nianes 1 and
2 heated uniformly and faster than the ccrtainers in the other zones of the retort.

The tests using the circular spreader also indicated that air flow rate and height

of can stack had an effect on the temperature distribution in the retort. The
heating rate tests for 90% steam-10% air with 10, 20 and 30 cfm of air showed in a
manner. similar to the crcss spreader tests that an increase in the air velocity moved
the cold zone from the bcttom toward the top of the retort. {n the 10 cfin tests the
fastest heating containers were in pianes 3 and 4; however, when the air flow rate

was increased to 20 cfrn the hot zone was focated in planes 1 and 4,and a further
increase in the air flow rate to 30 c¢fm caused the hot zone to be lccated at planes 1
and 2. The tests of 75% steam-25% air with 20 and 30 cfm of air showed the same effect,
the fastest heating zore in the 20 cfm tests was located at plane 4, increasing the
air flow rate from 20 to 30 cfm moved the hot zone from the top of the retort, plane 4,
to the bottom, plare 1.

The results of the steam-air tests using 90% steam-10% air and 75% steam-25% air at
10, 20 and 30 cfm of air flow indicate that the height of the stack of cans is a
critical consideration in design when a steam-air heating medium is used. The height
of the stack and the rate of air flow appear to be interreiated since the cold zone
in the retort migrated upward with increased air fiow.
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Mechanical.circulation. The use of a mechanical pump to circulate Targe volumes of
the gaseous heating medium was the third in a sequence of operations to increase the
efficiency of the heating medium by increasing velocity. Changing the air flow rate
and altering the spreader design from a cross to a circular spreader all have an
effect on the heating medium flow pattern. The mechanical circulation of the heating
medium was a normal next step in this development.

The mechanical gas pump was used to circulate the heating medium when 100% steam was
used to observe the effect of mechanical circulation even though we anticipated no
benefit. The results supported our prognosis since the results indicated that there
was little difference in the heating pattern between the tests with mechanical circula-
tion and those without mechanical circulation. In some respects, heating was poorer

in the tests when mechanical circulation was used compared to tests without mechanical
circulatlon of the steam. For example, temperature differences in the several parts
of the retort were 240+2°F with mechanical circulation compared to 240+0.5°F when there
was no mechanical circulation. The results of the heating-rate-of~containers study
showed that cans at the center of plane |1 did not heat as fast as cans in the other
locations. The explanation for this difference is that the high velocity steam
apparently bypasses the center of the bottom basket, but, because the basket and con-
tainers break up the steam flow, the containers located at the center of planes 2, 3
and 4 do not heat appreciably slower than the containers at the periphery of these
planes. In both the 77 and 120 cfm mechanical circulation tests, can 2 heated slower
than the other cans. The tests without mechanical circulation showed approximately

the same temperature distribution pattern; however, the heating rate data indicated
that more uniform heating was obtained in tests without mechanical circulation. The
results indicate that for 100% steam processing, the use of the mechanical circula-
tion system in this project did not improve the process.

The tests of 90% steam-10% air heating mixture with mechanical circulation and with
air flow rates of 10, 20 and 30 cfm, showed large differences in the temperature
profiles and heat penetratlon data between the various air flow rates and mechanical
circulation rates. [n general, increasing the air flow rate for both mechanical
circulation rates did not improve the uniformity of the temperatures within the
retort, but rather caused greater temperature differences between the several points
in the retort. This effect was probably due to our imposing a circulation flow
pattern on the retort which was not complete in itself but at the same time destroyed
the natural flow pattern. In the mechanical circulation system, the flow of heating
medium occurred mainly from the steam spreader to the dump valve line inlet which
served as the inlet line to the mechanical pump. While we distributed the heating
mixture rather uniformly in the bottom of the retort, flow out of the top was at a
point which will have an effect on the overall flow pattern. From our results it was
obvious that the velocity must be uniform thoughout. Increasing the velocity in one
area will certalnly improve conditions in this area but may make the total picture .
much worse.

The 75% steam-25% air heating media were evaluated for two air flow and two mechanical
circulation rates. [t is p055|ble that mechanical circulation was .a little more
beneficial in the 75% steam-25% air heating medla tests than In the 90% steam-25% air
tests; however, the differences were small and in no case was there a clear cut re-
sult indicating that there was real benefit with mechanical circulation. In general,
the comments and discussions relatlng to the 90% steam-10% air steam-air mixture are
appropriate for-75% steam—25% air heating- medlum.

An evaluation of the overall effect of mechanical circulation of steam or steam~air

222
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mixtures leads to the inevitable conclusion that under the conditions studied
mechanical circulation did not improve the uniformity of the temperatures or the
heating rate of containers in the retort, but to the contrary, in most cases
apparently increased temperature differences.

The tests using the circular spreader when compared to the cross spreader tests with
and without mechanical circulation, showed that internal circuiation can be more
effective than mechanical circuiation. The temperature profile for the circular
spreader tests using 90% steam-10% air with 10, 20 and 30 cfm of air flow showed that
there was a greater temperature uniformity in the 10 cfm tests than in the 20 and 30
cfm tests. The temperature drop upon air inlet was very small. The heating rate of
containers data for the circular spreader showed that increasing the air flow rate had
a marked effect on decreasing the time for the containers to reach AT=3.6 of 1.8°F.

At this point, there is no question that the rate of fiow of the heating medium is
important in establishing temperature uniformity, but we have shown that in our
mechanlcal circulation system there was no direct correlation between a high mechani-
cal circulation rate and an increase in temperature uniformity. These tests do show
that there are ways of improving the uniformity of a process by initiating and main-
taining optimum air flow rates.

The experimental data further suggest that in processing containers in steam-air mix-
tures using mechanical heating medium circulation the retort study used in this pro-
Ject was not the ultimate in design. By looking at the temperature profile and heat-~
ing rate data, we may observe that the flow of the heating mediumisupin the annular
area between the retort and the sides of the basket.” in the case where the cross
spreader was used with mechanical circulation, it was apparent that the heating
medium bypassed the center of the top plane and sometimes the containers in piane 3,
as it flowed out the vent line to the mechanical pump inlet. We feel that this effect
could be reduced by eliminating the free flow area and forcing the heating mixture
to flow through the stack of containers. This type of arrangement would eliminate
the differences in the heating rates between the containers at the periphery of the
retort and those at the center and would aid in establishing more uniform tempera-
tures because of greater mixing due to the forced convection condition. At the same
time a re-design of the steam inlet and steam outlet systems should be considered.
From our heating rate data, we observed that the containers at the center of plane !,
can 2, did not heat as rapidly as the can at the periphery of plane 1. A steam
spreader which will distribute steam and alr uniformly throughout the bottom area

of the retort will aid in establishing homogeneous heating conditions. At the same
time, if mechanical circulation is to be used, a system should be designed so

that the heating medium is taken off the entire top area of the retort rather than

at one point in the top of the retort. It is not feasible, at this time, to bring

in the heating mixture at the top of the retort, take it out from the bottom and
circulate it back in the top due to condensate and pumping problems. However in the
top-and out the bottom is the normal flow pattern In the retort and if a sufficient
volume of heating medium could be circulated and a system could be devised for
circulating from top to bottom during the heating phase, many temperature distribution
probiems would be eliminated. Needless to say, the suggested systems would have to
be evaluated experimentally before final recommendations could be made.

In conclusion, we have evaluated and compared the rate of circulation of the steam
and steam~air heating media and found that the design of a mechanical circulating
system will not be an Improvement {n obtainhg a uniform heat process temperature over
the circular spreader system with the clrculation promoted by air flow.
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Modifications for a future study of mechanical circulation have been suggested, but
they will require further experimental evaluation.

Effect of flow pattern of the cross spreader vs. the circular spreader.

The flow pattern produced by a steam distribution system in a retort is dependent on
the location of the device in the retort and the gas flow rate. In this study two
basic types of spreaders were used: The cross spreader, which is the standard device
recommended for use in vertical retorts and a circular type steam spreader which was
developed as part of this project. The cross spreader consists of four arms that

have the outlet steam holes on one side, the four arms are arranged so that the steam
is discharged in two alternate quadrants of the retort to create a swirling, sweeping
action to help move the air out of the retort at the beginning of the cycle to assure
the development of a homogeneous heating medium as soon as possible after the start

of the process. The circular spreader was designed to discharge the steam vertically
in the annulus between the retort crate and the outside wall of the retort, aiming the
flow upward toward the top of the retort. The cross spreader and the circular spreader
were tested using the same heating media and same type of retort load to determine if
the type of steam spreader had an effect cn the heat distribution pattern in the
retort.

The tests using the cross spreader indicated that the flow of steam or steam-air mix-
ture moved up from the spreader hitting the floor of the bottom crate of cans where
the flow was broken up with the major part of the gas moving toward the outside,then
up through the annular area between the retort crate and the wall. This effect may
be easily seen from the tables of heating rate of container data where the container
in the center of the basket did not heat as rapidly as the container at the periphery

of the basket.

In the circular spreader tests, the flow was designed to ge up the annular area and
down through the stack of cans. This result was achieved in that the containers in
the middle of the crate heated about as fast or faster than the containers at the
periphery of the retort crate.

The fastest heating containers in the cross spreader tests were at the periphery of
plane |. The can at this location was subject to the largest gas flow rate due to
the general flow of the heating medium rounding the corner of the basket to flow up
the annular area on its way up to the top of the retort and out the dump valve line.
In the circular spreader tests, the fastest heating container in the retort was can
10 at the periphery of plane 4, which was adjacent to the dump valve line inlet. The
f-values for this container for some of the higher air flow rates were quite small;
in fact, even smaller than the f-values for the same container in 100% steam.

The difference in the temperature distrlbution for the two spreader systems using

90% steam-10% air with 10 cfm of air flow was as follows: when the circular spreader
was used 11 min were required for the retort to reach 240+1°F while 17 min were
required when the cross spreader was used. The test with the circular spreader had
smaller temperature differences just after the air was added, 5°F for the circular
spreader compared to 22°F for the cross spreader. The temperature differences during
the process between points in the retort were smaller with the circular spreader than
with the cross spreader.

The heating rate tests for 90% steam-10% air with 10 cfm of air flow showed a marked
difference In the f-value of containers at the various locations for both systems.
When the cross spreader was used, the contalners at the periphery of the basket
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heated much faster than the contaliners in the center of the basket; for the circular
spreader tests the containers in the center of the basket heated as fast or faster
than those in the periphery except in plane | where can 2 was the slowest heating can
in the retort. The heating rate of the cans was more uniform in the circular spreader
tests than in the cross spreader tests. The differences in time to reach AT=3.6 and
1.8°F between containers in the same plane were 1less for the circular spreader
tests than for the cross spreader tests and the range of times for the fastest vs. the
slowest heating containers to reach AT=3.6 and 1.8°F were less for the tests with
the clircular spreader than for the tests using the cross spreader.

The heat distribution data obtained with the two spreader systems for 90% steam-iO%
air with 20 cfm of air flow resulted in smailer temperature fluctuations with the
circular spreader at air inlet, 9°F, than with the cross spreader, 14°F. The time to

reach 240+1°F was less for the clrcular spreader, il min after steam on,than for
the cross spreader, 17 min. The temperature difference between points during the
process was less for the circular spreader +1°F than for the cross spreader +1.5°F.

The heating of the containers was more uniform for the circular spreader range of
4.5 to 10.5 min to reach AT=3.6°F and 7.0 to 13.5 min to reach AT=1.8°F as compared
to a range of 9.0 to 17.0 min to reach AT=3.6°F and 10.0 to 25 0 min to reach AT=
1.8°F for the cross spreader tests.

The resuits of temperature distribution tests using 90% steam-10% air and 30 cfm of
air flow for the two steam spreaders indlcated that the temperature drop at the time
of air inlet was greater for the cross spreader, 13°F, than for the circular
spreader, 8°F. The time to reach 240+2°F was shorter when the circular ssreader was
used; 10 min from steam on, than for the cross spreader, 12 min. The temyperature
fluctuatlon between points during the process, after the equiiibrium phase,was
smaller for the circular spreader +1°F than for the cross spreader +2°F.

The results of the heating rate of containers study using 90% steam-10% air and 30
.cfm of air flow indicated that the heating pattern for the tests for both spreader
systems was, in general, similar. The fastest heating cans in the retort were in
planes 1 and 2. In the circular spreader tests, the containers heated more rapidly
than the containers In the cross spreader tests. The time for the ccntainers to
reach AT=3.6°F ranged from 6.5 to 9.5 mln and to reach AT=i.8°F-=7.3 to 14.0 min for
the circular spreader compared to 9.0 to 13.0 min to reach AT=3.6°F and 10.0 to 20.0
to reach AT=1.8°F for the cross spreader tests. The difference in the heating times
among contalners in the same plane was largest in the cross spreader tests. {n the
cross spreader tests, the containers in the center of the pianes heated mere slowly
than containers at the pariphery whereas,in the circular spreader tests the contain-
ers at all points in the piane heated relatively uniformly. The slcwest heating
container in the circular spreader tests was located directly opposite the dump
valve line Inlet, can 12, which required 14 min to reach AT = 1.8°F whereas the
slowest heating contairer ir the cross spreader test was in the center of piane 3,
can 6, which required 20.0 min to reach . AT=i.8°F.

Comparisons of the temperature distribution data for the tests using 75% steam-25%
alr mixtures with 20 ¢fm air flow showed that the temperature drops when air was
added to the retort were greater for the tests made with the cross swnreader, 28°F,
than for tests with the circular spreader, 8°F. The circular spreader reached an
equilibrium temperature of 240+2°F 19 min after steam on whereas the cross spreader
required 25 min to reach 240+5 F. The temperature difference between points was
greater in the crcss spreader tests than in.the circular spreader tests.
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The heating rate data for the 75% steam-25%:air with 20 cfm of air flow tests showed
the same general pattern for both the cross and circular spreaders. In both cases,
the hot zone was located in plane 4 at the top of the retort; can 4, in the center of
plane 2 for the cross spreader and can 3, in the center of plane 2 for the circular
spreader were the slowest heating containers for both types of spreaders. There were
greater differences in the time to reach AT=3.6 and 1.8°F between cans in the cross
spreader tests than in the circular spreader tests; however, there were large time
differences between containers for both tests. The time for the containers to reach
AT=3.6°F ranged from 11.0 to 28.0 min and for AT=1.8°F, 13.0 to 39.0 min in the
cross spreader tests,and 5.0 to 20.0 min to reach AT=3.6°F and 6.0 to 26.0 min to
reach AT=1.8°F in the circular spreader tests.

The temperature distribution tests for 75% steam-25% air with 30 cfm of air flow

showed a maximum temperature drop at air inlet, 24°F for the circular spreader

and 26°F for the cross spreader. The time for the points in the retort to approach
240+1°F for the circular spreader was 19 min after steam on while in the cross spreader
tests 24 min were required after steam on to reach 240+4°F.

The heat penetration data for 75% steam=25% air with 30 cfm of air flow for both
spreader systems indicated that the circular spreader produced more uniform heat-

ing than the cross spreader. The heating rate of the containers for both tests
showed that there were very large temperature differences among containers at the
different planes and the times for the fastest vs. slowest heating container to reach
AT=3.6°F ranged from 6.5 to 24+ min and to reach AT=1.8°F 8.5 to 28+ min for the
cross spreader tests,whereas for the circular spreader tests the times to reach
AT=3.6°F ranged from 4.0 to 19.0 min and to.reach AT=1.8°F 5.0 to 22+ min. Can 6,

at the center of plane 3, in the cross spreader test was the slowest heating undoubtedly
because the temperature at this point did not reach AT=3.6°F during the process. I[n
the circular spreader tests the slowest heating cans were 7, 9 and 12 at the per-
iphery of planes 3 and 4 which did not reach AT=1.8°F. In the cross spreader tests

" the cans in the two bottcm planes heated fastest with relatively uniform heating.

The cans in the two top planes had large come up times and some of the points did

not reach processing temperature. In the circular spreader tests the fastest heat-
ing took place at plane 1 with the containers in planes 2, 3 and 4 heating more
slowly. However, the container adjacent to the dump valve line inlet, can 10, heated
much faster than any other container in the retort.

When the circular spreader was used, the flow of the heating mixture took place
through the annular space of the retort. This upward directed flow in the annllar
space resulted in downflow through the stack of cans, with the net result that
circulation was promoted. When the cross spreader was used, in general, the flow
was still up the annular area; however, some of the flow moved up the center and
this had the net effect of partially blocking natural circulation.
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Discussion of the Results Obtained With Water Processes

Water processes were studied using two types of spreaders and three alr flow rates.

The come-up-time of the retort and the heating rate of the containers In the retort

was quite different when a water process was used compared to the results obtained

vhen steam-air or steam was used as the heating medium,due to the greater heat capacity
of the water which resulted in a much longer come-up-time for the same basic steam flow
and retort load. The time requlred for the first point in the retort to reach the
process temperature was two times as long for the water cook than for the 100% steam pr
steam-air process.

In these tests which were very severe and designed to pinpoint differences in the heat-
Ing rate a convection heating product, water, was used because it absorbed heat very
rapidly. The heating rate tests Indicated that the water in the containers heated al-
most as fast as the water In the retort. For example,. at the end of approximately 4 min
the average retort water temperature was 133°F, where in a comparable steam or steam-
air test at the end of the 4 min vent period the heating medium temperature ranged from
185 to 217°F. The 303x406 cans of water lagged behind the heating medium, water, in

the retort by as much as 36° during the first few minutes; however, by the time the
water in the retort reached 212°F, the temperature of the water In the cans was
approximately 194°F, lagging the temperature of the heating medium by only 18°F. By

the time the water in the retort reached 230°, the temperature of the water in the

cans was lagging only by about 11°F. The fact that the temperature of the product in.
the contalner follows closely on the heels of the temperature of the heating medium,

in water processes) results In a heat penetration curve that only approaches the straight
line asymptote toward the very end of the heating period. |In general, these plots can
be described as long sweeping curves that increased in steepness as the heating medium
approached processing temperature.

Increasing the air flow rate decreased the time for the first point in the retort to
reach temperature, decreased the point-to-point temperature variation, and decreased
the time necessary for all points in the retort to reach equilibrium temperature. In-
creasing the air flow rate from 10 to 20 cfm produced a greater overall effect than a
subsequent increase in the air flow rate from 20 to 30 cfm. Nevertheless the 30 cfm
test - heated fastest and temperatures were the most uniform as shown by the
relative time to reach AT=3.6 and 1.8°F shown in Table 3D2-1 .. Obviousiy the increased
air flow rate increased the water circulation rate, but the spreader design had an
effect in addition to the air flow rate,since the cross and clrcular spreader pro-
duced different results. The action of the alr in promoting water circulation was by
the production of a low pressure area.ln the retort, flow being the direct result of a
pressure difference.” The pressure difference was produced when bubbles of gas dis-
placed the water. Apparently in the range of alr flow rates studied. increasing the
air flow rate produced greater pressure differences and Increased water flow. Flow
patterns are shown in Figures 3D2~1 and 3D2-2.

The results suggested that while the effect of Increased air flow was to improve retort
performance when both the cross and circular spreaders were used, the circular spreader
produced a greater volume of water clirculation per volume of added air than did the
cross spreader. The clrcular spreader was designed so the upward flow of water in the
vertical retort during heating will be in the annular area between the retort basket
and retort wall, and down flow wlll be through the basket and around the cans (Fig.
3D2-2). The circular spreader discharged at the bottom of thls annular area and aims
the steam and air upward toward the top of the retort (Fig. 3D2-4). When the cross
spreader was used, the major gas and water flow path was apparently out to the edge
under the bottom crate then up-the annular area to the top of the retort. The
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difference in the effectiveness of the two spreaders is in efficiency of using the gas
for producing pressure differences, the relative times to reach AT=3.6 and 1.8°F
tabulated in Table 3D2-1 is a measure of the relative effectiveness of the spreaders.
(Table 3D2-1). Undoubtedly in the cross spreader some of the gas moves up through the
baskets and in effect acts against flow created by the gas moving up the annular area
(Fig. 3Dp2-3); if the gas were distributed uniformly across the bottom of the retort
theoretically there will be no water flow.

The heating rate data indicated that the flow pattern of the heating medium using the
cross spreader was around the periphery of the baskets rather than through the stack
of containers which is in contrast to the common belief in the food industry, that

the cross spreader stimulates flow up through the stack of cans. The highest temper-
atures in the retort were in plane | above the spreader. The temperature in this area
was 3-to 5°F above the processing temperature during the period when there was con-
siderable steam flow into the retort and the retort was approaching heating medium
temperature. This was rossible because the total pressure in the system at this time
was about 18 psig which will support a vapor temperature of 255°F and since there was
probably insufficient mixing in this bottom area due to a lack of a positive method

of moving the water there was a heat concentration area at the edge of the bottom
crate, A general description of what may be going on in this area is as follows:

The space below the bottom basket and around the arms of the cross spreader may become
essentially an area of gas bubble eddies. When the gas is discharged from the spreader
it will try to rise to the liquid surface only to be swept downward and cutward by the
liquid flow. The gas will move in these eddies until it is carried to the periphery
of the basket where it can rise to the surface with the upflow in the annular area.

As the temperature of the water in the retort approaches the process temperature, the
rate of heat flow from the vapor to the water decreases and we actually have bubbles
of vapor at a high temperature that exist for a considerable period of time at least
in the vicinity of the steam inlet. This high temperature vapor undoubtedly results
in high temperature liquid in the immediate surrounding area that may persist for
several minutes due to poor flow conditions.

The difference in retort performance as a function of the type of spreader must be
due to the volume of water moved per volume of air. The advantages of the circular
spreader are: the pressure reduction effect is concentrated in the annular area

and more steam will be available to add to the effect. The disadvantages of the
cross spreader are: some of the gas will try and move up through the baskets counter-
ing the overall effect and some of the steam will condense in the bottom reducing the
overall pumping effect. For the same air flow rate,when the circular spreader was
used, the time for the first point in the retort to reach temperature was reduced, the
time for all points to reach processing temperature was reduced and the point-to-point
temperature variation was reduced compared to the cross spreader (Table 3D2-1). The
heat transfer film ccefficient for water has been shown (McAdams, 1954) to be a
function of the velocity of the water past the heat transfer surface. It is not sur-
prising therefore to find that the contairers heat faster for the same air flow rate
when the circular spreader was used compared to the cross spreader. The larger h due
to the more rapid circulation of fluid past the container causes a larger heat flux

to the container. Therefore heating will be faster and a greater lethality will be
accrued by the product in the containers. Figure 3D2-5 shows the lethality received
at each position for the two spreader systems. The lethality values in this figure
clearly point out the effect of higher heating medium velocity. The greatest differ-
ence was found between the cross and circular spreaders for 10 cfm of air flow.
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Figure 302-1. Flow profile for water cook tests with the cross spreader in the Figure 3D2-2. Flow proflle for water cook tests with the circular spreader in
vertical retort. the vertical retort.
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Figure 302-4. Photograph of the circular spreader.

Flgure 3D2-3. Schematic of the cross spreader.




3Dp2-3

Table 3D2-1., Heating rates of cans for the slowest and fastest heating cans in the
water processes in a vertical retort.

Air Time for the Time for the
flow containers in the containers in the

rate Spreader  Can No. retort to reach Can No. retort to reach
AT=3.6°F AT=1.8°F AT=3.6°F AT=1.8°F

10 ¢cfm Circular 2 14.0 16.0 10 9.5 10.0

Cross 8 19.0 21.0 1 16.0 17.0

20 ¢cfm Circular 2 12.5 13.5 10 10.0 10.3

Cross 5 16.0 18.0 2 14,0 14.5

30 cfm  Circular 2 11.5 12,5 1<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>